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Introduction

Brazil welcomes the opportunity to submit a forest reference emissionREL) for

a technical assessment in the context of retalt®d payments foeducing emissions

from deforestation and forest degradation and the role of conservation, sustainable
management of forests and enhancement of forest carbon stocks in developing countries
(REDD+) under the United Nations Framework Convention on Climatenggha
(UNFCCCQC).

In February 2014the Ministry of the Environmenidf Brazil (MMA) created a Working
Group of Technical Experts on REDDRrough the Ministerial Ordinance No. 41. This
Working Group formedmainly by experts from renowned Braziliaederal insitutions

in the areaof climate change and forestsrovided inputs for the development of this
submission of the Brazilian government to theitedd Nations Framework Convention
on Climate Change (WFCCQO.

Brazil underlines that the submission of FREIsl/ar forest reference levels (FRLS)
and subsequent Technical Annexesthe Biennial Update Report (BUR)ith results
are voluntary anexclusively for the purpose of obtaining and receiving payments
for REDD+ actions, pursuant to decisions 13/CP.19, pmaph 2, and 14/CP.19,
paragraphs 7 and 8.

This submission, therefore, does not modify, revise or adjust in any way the nationally
appropriate mitigation actions currently being undertaken by Brazil pursuant to the Bali
Action Plan (FCCC/AWGLCA/2011/INF)1 neither prejudges any nationally
determined contribution by Brazil in the context of the protocol, another legal
instrument or an agreed outcome with legal force under the Convention currently being
negotiated under the Ad Hoc Working Group on the DurB#atform for Enhanced
Action.

Area and activity covered bythe FREL

Brazil recalls paragraphs 11 and 10 of Decision 12/CECTCC/CP/2011/9/Add. Zhat
respectivelyindicatethat a subnation&REL may be developed as an interim measure,
while transitoning to a nationaFREL; and that a stewise approach to a national
FREL may be useful, enabling Parties to improve BREL by incorporating better
data, improved methodologies and, where appropriate, additional pools

Brazil proposes through this suission a subnation®REL for the Amazonia biome
(refer to Figure 1) that comprises approximately 4,197,0002kamd corresponds to
49.29 per cent of the national territd(yefer toFigure 2).

2 As presented ifrigure 1, in addition to the Amazonia biome, the national territory has five other
biomes: Cerrad(2,03%,448 kni1 23.92 per cent of the national territarij)ata Atlantica(1,110,182 krh

T 13.04 per cent of the national territgr)aatingg844,453 ki1 9.92 per cent of the national territory)
Pampa176,496 kmii 2.07 per cent of the national territprandPantana(150,355 kmi 1.76 per cent
of the national territory) (BRASIL, 2010, Volume 1, Table 3.85).



The national FREL to be submitted by Brazil in the futufer each REDD+ activity
selectedwill be calculated as the sum of tiRRELs constructed for each of the six
biomes in the national territofyefer toFigure 1).

CAATINGA

ATLANTIC
FOREST

PAMPA

Figure 1: Distribution of thesix biomes in the Brazilian
territory. Source:IBGE, 2011.

This will allow the country to assess and evaluate the effect of the implementation of
policies and measures developed at the biome level (refannex I, Part II, for
details of the Action Plan to Prevent and Control Deforestation in the Legal Amazonia
(PPCDAmM); Annex IV, Part I, Box 4 for the Action Plan to Prevent and Control

Deforestation and Forest Fires in the Cerrado (PPCerradojramek 1V, Part Il for
information on the Atlantic Forest.
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Figure 2: State boundariemndboundaries of the Aman@ biome Source MMA
(2019 based on IBGK2010.



Considering the significant relative contribution of the net @®issions from Land

Use, Landuse Change and Forestry (LULUCF) to the total national neted@ssions

and the significant contribution ¢fie Amazonia biome to the total @@missions from
LULUCEF (refer toFigure 3), Brazil deemed appropriate to initially focus its actions

i n t he f or est redueicgt emissiorts hfrono wejonestation i n t he
Amazonia biome as an interim measure, witransitioning to a nationatrategythat

will include all biomes.

Industrial
Processes; 3.9%
Amazonia
Biome; 65.2%

Other Biomes; ‘
10.6%

Figure 3: The relative contribution of the Energy, Industrial Processes and LULddCorsto the total
CO, emissionsat year 2008 (excluding wast€) and the relative contribution ¢fie Brazilian biomes to
the totalLULUCF emissiongexcluding liming)from Brazil. Source:BRASIL, 2010, Volume 1, Part 2,
Chapter 2.

Regardless of the fact that tHFHREL submission for REDD+ resultsased payments
includes onlyCO2 emissions fromgross deforestation in the Amazonia biomésee
Box 1 below for details)preliminary information is provided iAnnex 1V, Part Il, Box
4 for the Cerrado and irAnnex IV, Part 1l for the Atlantic Forest to indicate efforts
already under development in Bratltransition to a nation®REL

This submission includes emissions from tbiéowing carbon poolsabove and below
ground biomassand litter The noninclusion of the dead wood and the soil organic
carbon pod (mineral and organic soils) are dealtiwih section c.2

Box 1: Forest and deforestation in the Amazonia biome

The National Institute for Space Research (INPE) throtighAmazonian Gross
DeforestationMonitoring Project(PRODES)annuallyassesses gross deforestatior
Apr i mar yimnLegaldmazoniawsth a minimum mapping unit of 6.25 hectal

3 The Guidelines for the preparation of national communications from Parties not included in Annex | to
the Convention in the Annex of Decision/1TP.8 states that nefinnex | Parties shall estimate national
GHG inventories for the year 1994 for the initial national communication or alternatively may provide
data for the year 1990. For the second national communicatiorAmuex | Parties shall &mate

national GHG inventories for the year 2000 (UNFCCC, 2002).

4The relative contributions of G@missions from waste to the total £&nissions in 2000 was less than

1 per cent (0.006 per cent) and hence have been exclude#ifjaora 2. The relatie contribution of CQ
emissions from liming to the total G@missions from the LULUCF sector in 2000 was also less than 1
per cent (0.7 per cent) and hence also excluded Figare 2.
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(for details refer toAnnex I, Part I, BOX 1). PRODES forest definition includes 4
vegetation types of Evergreen Forest Formations inL#gal Amazoniaand forest
facies ofother formations such as Savanna and Steppe, which are generally clz
as fHOther Wooded Lando according to

United Nations (FAO) classification system ($&&ction dof this submission for mor
informationon the definition of forest adopted by Brazil). The presence of these

in the Amazonia biome is not significant.odiever, wherdeforestation occurms any
of these facies, the associated emissions are calculated using their corres
carbondensty, provided inTables 4and5.

At the beginning of PRODES in 1988, a map contaitivegboundary betwedforesti

Non-Forest was creatdahsed orexisting vegetation maps asgectral characteristic
of forestin Landsatsatellite imagery. In 1987, allrgviously deforested areas we
aggregatedin a map (including deforestation in forest areas that in 1987

secondary forestsand classified agleforestation Thereafter, on a yearly bas
deforestationin the Amazonia biomédnas beermassessed on themainingannually
updatedrorest

For the purposes of PRODES, the areas of-Rorest are not monitored (regardless
being managed or unmanagdetiowing the IPCC definitiorof managed larmd(IPCC,
2006) Deforestation occurring in Forest land (managedinmanagedjs monitored
and the associatedCO, emissioncalculated assuming instantaneous oxidatorhe
yeardeforestatioroccurs. Hence, the accumulated gross deforestation in the Bré
Amazonianever decreases at each new assessment

Another sgtemdeveloped andmplemented byNPE and the Brazilian Enterprise f
Agriculture (EMBRAPA) tracks the dynamics of land cover after deforestat
including to Secondary Forest. This systeaferred to aderraClass maps the lang
use dynamics in aredbat havebeen previously deforested in the Amazonia bio
(http://www.inpe.br/cra/projetos_pesquisas/terraclass2010.php and
http://www.inpe.br/noticias/noticia.php?Cod_Notick392).

The CO: removed from the atmospheng Secondary Forest is not taken into acco
in the construction of th FREL due to the dynamics of Secondary Forest in Brazi
Amazona, approximately20 per cent of the land deforested is abandoned to re
(SecondaryFores}, thus accumulating carbon. However, tBiscondary Foreshay
eventuallybe cut again (thus losing all the carbon accumulated}e converted t
cropland or grssland and normally remais in the new laneuse categoryor a few
yearsbeforeabandoment In this case, thgains and losses of carbon iec®ndary
Forests balance out justifying why Brazil opted to report emissions frogross
deforestationand notnet deforestation

The Brazilian deforestatiotime seriefrom PRODES relate only tdeforestation i
primary forests that may or may not have been impacted by human activities or
eventsbut has not shown aclear cut pattern in the satellite image Hence,areas
previously logged, wheaver identified in the satellite imagery adear cut, are

5 Managed land is land where human interventions and practices éawvepplied to perform
production, ecological or social functioff?CC, 2006)
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included as deforestation in PRODES.

Areas under selective logging activiti® monitored undematherprojectdeveloped
by INPE OETEX 1 Detectionand Mapping of Selective Logging Activities Projéd
that is presently undergoingew developmentso discriminateimpact levelsand if
feasible, between authorized and faurthorized loggingData for DETEX are alread
availablesince 200&ut arestill aggregatedin a single class

Deforestation of othehanprimary forestis reported in the National GHG Inventory
Brazil. However, dven Brazil’s national circumstances (one of the largest prin
tropical forests in the world) ancbnsideringthe marginal contribution of emissions
from conversion otheseother types of forest® thetotal emission from deforestatic
in Amazonia (1.57 per centi refer to Table 3.98in the Second National GH
Inventory), these otherforest types(planted forestd Rev; Secodary Forests Se¢
have not been included in BrasiFREL

Section cin this submissionRools, gases and activities included in the construction of
theFREL) provides more detailed information regarding other pools and gases.

Annexlll (Development foFRELs for other REDD+ activities in the Amazonia bigme
provides some preliminary information regarding forest degradation and introduces
some ongoing initiatives testimate theassociated emissions, so as not to exclude
significant activities from conderation.

There is recognition of the need to continveimprove the estimates of emissions
associated with REDD+ activities, pools and gases. However, the material in the
Annexes to this submission is not meant for reshdised payments.

Brazil followed the guidelines for submission of information on reference levels as
contained in the Annex to Decision 12/CP.17 and structured this submission
accordingly, i.e.:

a) Information that was used in constructingREL;

b) Complete, transparent, consistent, andaccurate information, including
methodological information used at the time of constructidrRELs;

c) Pools and gases, and activities which have been includ€giEh; and
d) The definition of forest used the construction of FREL.

Details are provided baw.

a) Information that was used in constructing theFREL

The construction ofthe FREL for reducing emissions from deforestatiom the
Amazonia biomavasbased orINPE s historicaltime seriedor gross deforestatiom

12



the Legal Amazonid using Landsatlass satellite data omannualwall-to-wall basis

since 1988

The Legal Amazoni@ncompasses three different biomes: the entire Amazonia biome;
37 per cent of the Cerrado biome; and 40 per cent of the Pantanal Bigue 4
showsthe aggregated defestationup to 2012in the Legal Amazoniaper biome(in
yellow). Up to 2012, about 1per centof the total accumulated deforestationthe

Legal Amazoniaoccurredin the Cerrado and Pantanal biomesainly in the early

1990’s.

For the construction of the FREL for the Amazonia biome, the areas from the
Cerrado and Pantanal biomes in the Legal Amazonia have been excluded

Amz, Legal ~ 753.000 km2

Bioma Amazonia ~ 674.000 km2

Bioma Pantapal ~ 3.000 km2

{

LN

Figure 4: Aggregated deforestatidim yellow) up toyear 2012n the Legal Amazoniaand
in theAmazonia, Cerrado and Pantanalres Forestin green; NorForestin pink; water
bodies in blueSource:INPE (2014).

The area othe deforestatiopolygonby forest type (in krhor hectares)s theactivity
data necessary for the application of the first order approximation to estimat
emission$ as suggested in tHeCC Good Practice Guidance for Land Use, l-asd

Change and Forestry (GPG LULUCF) (IPCC, 2003)ese areas have been obtained

from PRODES time series datanddified to consider only deforestah in the

Amazonia biome) rrd the vegetation map from tigrazilian Institute for Geography

and StatisticsIBGE). The fact that satellite data from optical systems (e.g., Landsat) are
the basic source of information to identify new deforestation events every year, and

5 The Legal Amazomi is an area of approximately 5,217,423 km?2 (5213Bf2ha) that covers the totality
of the following states: Acre, Amapa, Amazonas, Para, Ronddnia, RoeaidiTocantins; and part of the

staes of Mato Grosso and Maranhao.
first order

“Aln most

change. The generic guidance is to multiply the activity data by a carbon stbckdoe i e n't

factoro

t o

provide

t he

approxi mations, t-hse

Afactivity
fiemi ss
source/ or sink estimates. 0

or
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considering hat the presence of clouds may impair the observation of deforestation
events under clouds, requires the application of an approach to deal with the estimation
of the areas of primary forest under clouds that may have been deforested so as not to
underestnate the total deforestation at any ydeefer to Box 2 for alternative
approaches to estimate the area of gross deforestation in the Amazonia Blume

in line with good practice as defined in GPG LULUCF (IPCC, 2003).

Box 2: Approaches to estimatthe area of grosdeforestation in the Amazonia biom

There are several approaches to estintlagearea deforestegnd eachmay lead to
different results The total deforesed area may be different if calculated as
deforestation in@ment,or deforestation ratepr adjusted deforestation increment.
further clarify the above he text that followsexplainsthe differentapproaches an
terminolodesused throughout this submission

(1) Deforestation Polygons (at yeart): refer to new d®restation events
identified from the analysis of remotely sensed dsaitellite imagesat yeart
as compared to the accumulated deforestathapped up tgeart-1. Each
deforestation polygon ispatidly identified (geocoded)has accun@ shape
and aearepresentatios) andhasan associated date of detectioime date of
the satellite image from which it was mappeépr each year, a map
containing all deforestation polygons (deforestation nepjade available in
shapefile format for PRODES(and hece, for the Amazonia biome, after
exclusion of the areas associated with the Cerrado and Pantanal badme
(http://www.obt.inpe.br/prodesdigital/cadastro.phpThis map does not
include cdkforesation polygons under cloud covered areas. Howetrey
deforestation map also renders spatially explicit distribution of the clg
covered areas.

(2) Deforestation Increment (at yeart): refers to the sum of the areas of all
observeddeforestation pggons within a given geographical extefitis
geographical extent may be definedthe boundaries of a satellite sceng
which has the same date as the deforestation polygons mapped on that §
or the entire Amazonia biome, for which the deforestaiimrementis
calculated as the sum of the individual deforestation increment calculatec
each scene that covers the bionkhe deforestationincrement may
underestimate the totalareadeforestedand associated emissions)nce it
does not account fahe area ofleforestationpolygonsunderclouds.

(3) Adjusted DeforestationIncrement (at yeart): this adjustment is made tbe
deforestation increment at ydat (or yeard-1 andt-2, etc., as applicable) to
account for deforestation polygommsareas décted by cloud cover and that
are observable at tintelt is calculatedaccording withEquation 1

— = = ACC(t- D)(t) , = ACC(HWJ,(t)
Incadj(t) - Inc(t) -a Ab(:(t- D),(t) ta ta

Equation 1
D=1 pm D+1 w1 W+l
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where

Inc, 4, = adjusted deforestation increment at yte&m?
Inc,, = deforestation increment peart; km?

Acce.py = area of the deforestation polygons observed (efoae)

at yeart over cloudcovered areas at yewD; km?. Note that when
D=1 Acwyy €quals the area of the deéstation polygons

observed at yeatr over cloudcovered areas at ye#&l (but which
were under cloudree at yeart-2); for D=2, A, €quals the

area of the deforestation polygons observed attyeaer an area that
was cloudcovered at both yeatsl and t-2.

Accarw, = @rea of the deforestation polygons observed at year t+
over cloudcovered areas at yegirkm? Note that whenW=1 the
termAccey ) Provides the area of the deforestation polygons obser

at yeart+1l over the area that was cleodvered at yeat; when
W=2 the term Accusaq Provides the area of the deforestatio

polygons observed at ye&2 over thearea that was cloudovered at
yearst and t+1.

D= number of years that a given area was persistently affected
cloud cover prior to yedrbut was observed at yelarD=1, 2, ....
Y = number of years until a given area affected by cloud cover at y,
tis observed in subsequent years (i.e., is free of cloMds)= 1, 2

As an examplesuppose that the area of the deforestation increment obser
at yeart, Inc,, is 200 kn? and that 20 krhof this occurredover primary

forest areas that were cloud covered at ydatbut are cloudree at yeat).
Since thee 20 kn? may accumulatethe area othe deforestatiorpolygons
under clouds at yearl andthe area of theleforestation polygons that
occurred at yeat, the deforestation incremenhay overestimate the total
areadeforested are@nd associated emissiQrad yeart.

The adjusted deforestation incrembn,,,,, at yeart evenly distributes the

total area of the deforestation polygons observed at tyaader the cloud
covered area at yeafl (or before, if the same area was also cloud covereqd
year t-2, for instance) among yearsl and t. Hence, the adjusted
deforestation increment at yelars 190 knmd (20071 20/2) and not 200 kfn

assuming that there were no clecmvered areas at yef(in which case the

15



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

IMPORTANT REMARKS:
1.

2.

adjusted deforestation increment at yeaould be adjusted b %
Wel

where A.c..w, )= area of the deforestah polygons observed at yearwt

over cloudcovered areas at yearand Y is the number of years that a giver
area affected by cloud cover at ye& observed (i.e., is free of clouds).

The rationale behindEquation 1 is to remee from the deforestation
increment the area to be distributed among the yeg{sA ., ) and then

D=1
. a.. oy @
add back the portion allocated to yeag Mg. The last term of the
(;D:1 -

equation refers to the area distributed from subseqesrs (or year) over
cloud covered areas at year

address the effect @loud cover;, and if necessarythe effect oftime lapse
betweenconsecutiveimages The deforestation rateinas at reducingthe
potential underor overestimation ofthe deforesed area at year. The
presence of cloudovered areas in an imageyeart impairs the observation
of deforestation polygonsnder clouds, and may le&l anunderestimation
of the aea deforestedvhile the presence afloudsin previous yearge.g., at
year t-1) may lead to anoverestimation of the area deforesed if all
deforestatiorunder cloudst yeart-1 isattributed toyeart.

This over or under-estimation may also occuif the dates of the satellite
images used in subsequent years are not adjustemrmalizefor a one year
period (365 days}he time lapse betwedhe images used gearst andt+1,
the rate considers a reference date of Augdstrid projects the cloud
corrected increment to that date, based on a model that assumes the
deforestation pace is constant during the dry season and zero during th¢
season.Refer to Annex |, Part | for more information on PRODES
methodology for calculating the deforestatrate.

As an exampl@f cloud correctionsuppose that thprimaryforest area in an
image is 20,000 kfandthat2,000 kn? of this occurred over primary forest
areas that were cloud cover&lppose also that tlidserveddeforestation
increment is 180 kn?. As part of thecalculation of the rate, it is assumict
the proportion of deforestation measured indloeid-free forest areg18,000
km?) is the same as that in the area of forest under c{@@D0O kn?).
Therefore the proportion 180/18,000 = 0.81applied to the 2,000 Kn
generating an extr20 kn? that is added to the observed deforestatiq
incrementln this case, theloud corrected incrementis 200 kng.

Note that at any one year, an estimate based on the adjustedsta¢ifame
increment may be higher or lower than the rate of gross deforestation.

For the sake oferifiability, this submissionntroduces a slight change in the
methodology used in PRODES to estimate the annual area defore
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PRODES methodology to annuadi observed deforestation and to take int
account unobserved areas due to cloud cover is not directly verifiable ur
all the estimates are adjusted backwards.

3. The approach applied inithsubmission relies oa verifiable deforestation
map and does notannualize the time lapse between consecutive scéneg
deals withthe effect ofcloud cover by equally distributing trereaof the
deforestation polygons observed at yieaver cloudcovered areas at yeal
(or to years where that area was persistecibud covereflamong years
andt-1.

4. The use of the adjusted deforestation incremémt estimatethe area
deforested and associated gressissionss deemed to be morgaropriate
for REDD+, due to the verifiability.

Annex I, Part I, provides an exaple of the application of thadjusteddeforestation
incrementapproachto estimate the area deforested/@ar 2003 as presented ifable
1.

In addition to the area of the annual gross deforestation by forest type, another
fundamental element to estate the associated emissiisnthe emission factorthat,

here, consists of the carbdensityassociated witleachforesttype considered in this
submission, consistent with the Second National GHG Inverfiorionnes of carbon

per unit areatC ha?) (refer toTables4 and5). Annex 1, Part Il provides a table with

the description of the sutlasses included under each forest type contained in this
FREL submissionThe forest types addressed in this submission are inlthehose in
Fearnside (2004)resented oitable 2(Forest Types in the Brazilian Amazonia

The carbordensityper unit areavas estimatedusingan allometricequation developed
by Higuchiet al, (1998) from the National Institute for Amazonia Research (INRA)
estimate the abovegund freshmas$§ of trees from distinct forestypes in the
Amazonia biomes well as data frortine scientificliterature,asnecessaryrefer toBox
3 andsection b.2.

Box 3: Choice of the Allometric Equation to Estimate Abovegid Biomass

Four statistical models (linear, ndinear and twologarithmig selected from thirty
four models in Santos (1996) were tested with data from 315 trees destru
sampled to estimate the aboveground fresh biomass of trees in areas ness,
Amazonas State, in the Amazonia biome (central Amazonia). This area is chara
by typical dense fiterra firmeo moi st

In addition to the weight of each tree, other measurements such as the dian
breast height, the total height, the merchantable height, height and diameter|
canopy were also collected. The choice of the best statistical model was made
basis of the largest coefficient of determination, smaller standard error of thateg

8 Hereinafter referred simply as aboveground fresh biomass.

9 These forest types, or vegetation classes, totaled 22 and were derivedefidagetation Map of Brazil
(1:5,000000), available aftp://ftp.ibge.gov.br/Cartas_e_Mapas/Mapas_Murdést accessed on May
5th, 2014.
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and best distribution of residuals (Santos, 1996).

For any model, the difference between the observed and estimated bioma
consistently below 5 per cent. In addition, the logarithm model using a
independent variable (diameter at breasght- DBH) produced results as consistg
as and as precise as those with two varial@&H(and heipt) (Higuchi, 1998).

Silva (2007) also demonstrated that the total fresh weight (above and-drelomd
biomass) of primary forest can be estimated gigmple entry (DBH) and doub
entry (DBH and height) models and stressed that the height added little to the a
of the estimate. The simple entry model presented percent coefficient of determ
of 94 per cent and standard error of 3.9 per.déot the double entry models, the
values were 95 per cent and 3.7 per cent, respectively. It is recognized ti
application of the allometric equation developed for a specific area of Amazoni
increase the uncertainties of the estimates wheledp other areas.

In this sense, the work byogueiraet al. (2008) is relevant to be cited here. Noguge
et al (2008) tested three allometric equations previously published and develoy
dense forest in Central Amazor{i@A): Higuchiet al (1998), Chambergt al (2001)
and Silva (2007). All three equations developed féx t&nd to overestimate th
biomass of the smaller trees in South Amazonia and underestimate the biomag
larger trees. Despite this, the total biomass of the samplesl éstienated using th
equations developed forACwas similar to those obtained in the fiel@,8%,-2,2% e
1,6% for the equations from Higucht al, 1998; Chamberst al, 2001 and Silval
2007, respectively, due to the compensation of under andesireates for the sma
and larger trees. However, when the biomass per unit area is estimated us
eqguations developed for théACthe estimates were@per cent larger for the equatio
from Higuchiet al (1998); 83 per cent larger for Chambessd. (2001) and 187 per
cent for Silva (2007).

The input data forappling Higuchi et al (1998) allometric equationhave been
collected during the RADAM (RADar in AMazonia) Project (later also referred to as
RADAMBRASIL project or simply RADAMBRASIL)'°. RADAMBRASIL collected
georeferencedlatafrom 2,292 sample plotsin Amazonia(refer toFigure 11 for the
spatial distribution of the sampjdots), includingcircumferenceat breast heighliCBH)

and height of all treesbovel00 cm More detailsregardingthe allometric equatioare
presented irsection b2.

The FREL proposed by Brazil in this submission uses the IPCC methodology as a
basis for estimating changes in carbon stocks in forest land converted to other
land-use categories as described in the @LULUCF (IPCC, 2003). For any land

use conversion occurring in a given year, GPG LULUCF considers both the carbon
stocks in the biomass immediately before and immediately after the conversion.

Brazil assumes that the biomass immediately after the fovasersion is zero and does

10The RADAMBRASIL project was conducted between Q%nhd 1985 and covered the entire Brazilian
territory (with special focus in Amazonia) using airborne radar sensors. The results from
RADAMBRASIL Project include, among others, texts, thematic maps (geology, geomorphology,
pedology, vegetation, potenti@id use, and assessment of natural renewable resources), which are still
broadly used as a reference for the ecological zoning of the Brazilian Amazonia.

1L Also referred in this submission as sample units, consisting of a varied number of trees.
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not consider any subsequent £@moval after deforestation (immediately after the
conversion or thereafter). This assumption is made since Brazil has a consistent,
credible, accurate, transparent, and verifiable -Berges forgross deforestation for the
Legal Amazonia (and hence, for the Amazonia biome), but has limited information on
subsequent landse after deforestatiaand its dynamics

The text that follows provides detailed information about the construction of Brazil’
FREL

The basi data for estimating annual gross emissions from deforestatiom the
Amazoniabiome derives from the analysis of remotely sensed data from sensors of
adequate spatial resolution (mostly Lanesabf spatial resolution up to 30 meters
Images from the Landsat satellite acquired annually over the entire Amazonia biome
(refer toFigure 5), on assimilar as possiblelates are selected, processed and visually
interpreted to identify newleforesation polygonssince the previouassessmen(tor
details regarding the selection, processing and analysis phases, fafaexd, Part ).

This generates, for each image in the Amazonia biome a map with spatially explicit
(georeferenceddeforestation polygons since the previous year.

Figure 5: Landsat coverage of the Brazilian Legal Amazonia.&earce PRODES, 2014

The next stepin the process for estimating emissions from deforestation in the
Amazonia biomeconsists of overlaying th deforestation map withtheé c ar bon map o
containingthe carbon densies associated with distinct fose types in the Amazonia

biome. Each deforestationpolygon in a given imageis associated with a
RADAMBRASIL volume, aforest typeand associatedarbondensity Note thatthe

same forest type may have a diffdrecarbon density depending on the
RADAMBRASIL volume. This is due twariability in soil types, dmatic conditions

and flood regime for riparian vegetationthe Amazoniabiome
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The carbon map is theameas tle oneusedto estimatethe emissions from fiest
conversionin the Second NationaGHG Inventory (letails of the carbon maare
providedin Section b2).

Figures 6 to 8 presentthe sequencdollowed to estimate the total emission from
deforestation for any yeam the periodfrom 1996 to 2010, used the construction of
the FREL.

Due to the fact the digital (georeferenced) information on atheual deforesation
polygonsonly became annually available from 2001 onwards; that for the period 1998
2000 inclusive, only an aggregated digital map with teforestation increments for
years 1998, 1999 ad 2000 is available; and that no digital information is available
individually for years 1996 and 1997, teeeps andigures below seek to clarify how

the estimate of the tot&lO, emission vasgeneratedor each year in the perid®96 to

2010

In order to simplify the presentatioSteps 1to 4 assume that all the images used to
identify the deforestation polygons were cloud ftdeder this assumption, tlaeljusted
deforestation increments equal to thaleforestation incrementand both are equal to

the sum of the areas of the deforestation polygons mapped. In the presence of cloud
cover, then the deforested areas are calculated followingqdjusted deforestation
incrementapproach described Box 2

Step 1 identification of the available maps with deforestagpmtygons as follows: (i)
map with the aggregated deforestation until 1997; aggregated deforegtdyigansfor
19982000; and individual @mps with deforestation polygsror each yean the period
2001 to 201@inclusive).

Step 1
Analogical Digital
1996 1997 \1998 1999 2000, 2001 2010
Map Map Map Map
1997 1998 - 2000 2001 2010
Aggregated Aggregated Map with Map with
map with map with deforestation deforestation
deforestation deforestation polygons from polygons from
polygons until polygons for 2000 to 2001 2009 t0 2010
year 1997 years 1998,
1999 and 2000

Figure 6: Pictoral representation &ep 1
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Step 2 integration of the map with the deforestatmolygons(Step ) with the carbon

map in a @ographicinformationSystem (G§). For each yeara database contairgn

each deforestation polygon and associated forest type (as well as RADAMBRASIL
volume) is produced and is the basis for the estimation of the gross emissions from
deforestation i tonnes of carbgnwhich, multiplied by 44/12 provide the total
emissionsn tonnes of C@

For the periodl9982000, the total C®emissions refer tthose associated with the
aggregated deforestatigolygonsfor years 1998, 1999 and 2000 that, whkiended by
3, providethe average annual G@®mission.

Step 2

1996 1997 1998 1999 2000 2001 2010

!

Map Map
1997 1998 - 2000

Carbon
Map

Map
2001

Carbon
Map

Map
2010

Map

..—<

*44/12l

Total CO, emission
for 1998, 1999 and
2000

s

Average Annual
CO, emission for
1998, 1999 and
2000

*44/12l

Total CO, emission
for 2001

*44/12l

Total CO, emission
for 2010

Figure 7: Pictoral representation dtep 2

Step 3indicatesthe estimated C&£emissions for each yefnom 1998 (inclusiveuntil
2010;andStep dindicates the C®emissions for years 1996 and 1997.
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Step 3
1996 1997 1998 1999 2000 2001 2010
Average Average Average
Annual Annual Annual
co, CO, CO, Total CO, Total CO,
issi emission issi emission emission
for 1998, for 1998, for 1998, for 2001 for 2010
1999 and 1999 and 1999 and
2000 2000 2000
Step 4
1996 1997 1998 1999 2000 2001 2010
Average Average Average Average Average
Annual Annual Annual Annual Annual
CcO, CO, CcO, CO, CO, Total CO, Total CO,
Pk - 2 7 - RS S cuiiition
for 1998, for 1998, for 1998, for 1998, for 1998, for 2001 for 2010
1999 and 1999 and 1999 and 1999 and 1999 and
2000 2000 2000 2000 2000

Figure 8: Pictoral representation &ep 3andStep4.

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

Step 5:After the deforestatiorincrement and associated emission have been estimated
for yeart, an analysis is made of the areas that were cloud covered in the previous
year(9, for which information on deforestation is availableyatrt. The areeof the
observed deforestation polygons at yetrat occur under theloud coveredarea(s) at
yeart-1 is removed from thencrement calculated foyeart and evenlydistributed
(summed)to the increment calculated for ydal and yeat.

As an example, suppose thhe area of thedeforestatiorpolygonsat yeart that fall
under a clougtovered area at ye#&sl is 100 kn?. For the calculation of thadjusted
deforestation incremet for yeas t and t-1, these 100 kfare subtracted from the
increment calculated for yeaand evenly distributed between yeamndt-1 (i.e., 50
km? is added to theobserved incremenfior year t-1, and 50 km is added to the
Areducedo ieart neasecthetareabservedatyeart was cloud covered at
yeass t-1 and t-2, then one third of the 100 Knis evenlydistributed (summed) to the
increment calculated fgrearst, t-1, andt-2. Hence, theleforestation incremerait year

t can be redced due to the distribution @bmearea to previous years, but may also
increase due to the distribution of areayedrt+1 over cloud covered areasyaart.
The areasand associated emissiomgdicated inTable 1 are theareaspresented as
adjusted dforestation incrememindtheir associatedmissions
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ESTIMATING EMISSIONS FROM DEFORESTATION POLYGONS

For each deforestion polygoni, the associated GCemission is estimated as the
product of its area and the associated cadenrsityin the living bomas$? present in
the forest type affected by deforestation (refeEqoiation 2).

Equation 2:
GE, = Aij x EFjx 44/12 Equation 2

where:

GE ; = CO; emission associated with defoiasinpolygoni under forest typg
tCO,

A ; = area of deforeationpolygoni under forest typg ha

EF, = carbon stock in the living biomass of forest tyjge deforesation polygoni
per unit area; tC ha
44/12is used to convert tonnes of carbon to &saf CQ

For any year, the total emission from gross deforestat®E,, is estimated using
Equation 3

N p
GE =a a GE, Equation 3

i=1 j=1

where:

GE, = total emission from gross deforestation at yet#CO,

GE ; = CO; emission associated with defoiasinpolygoni under forest typg
tCO,

N = number of new deforeastionpolygons in yeat (from yeart-1 andt);
adimensional

p = number of forest types, adimensional

For any periodP, the mean annual emission from gross deforestaMfBE,, is
calculated as indicated Equation 4

2 iving biomass, here, means above and bedosund biomass, including palms and vines, and litter
mass.
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;
a GE,
MGE, = % Equation 4

where:

MGE, = mean annual emission from gross deforestation in ppritiziO; yrt

GE, = total emission from gross deforestation at yet#t O,

T = number of years in periqg adimensional.

BRAZIL'S FREL FROM GROSS DEFORESTAION IN THE AMAZONIA BIOME

The FREL proposed by Brazil is a dynamic meantld CQ emissonsassociated with
gross deforestation since 199@ipdated every five years, using the best available
historical data and consistent with the most recent National GHG Inventory submitted
by Brazil to the UNFCCC at the time of the construction of the FREL.

This base year was choseynthe Working Group of Technical Experts on REDEdtas

to leave out the high deforestation p&aki995 andalsoto maintain consistency with
other initiatives in Brazjl including the Action Plan to Prevent and Control
Deforestation in the Legal Amazonia (séenex |, Part | for details), the National
Climate Change Poli¢yand theAmazon Fundyww.amazonfund.gov.pr

The dynamic nature of BrazilBREL is meant to reflect the effescof policies and
plans implemented in the Amazonia bidfhieas well as improvements in data quality
and availability.

Br a z FRED gloes not include assumptionson potential future changes to
domestic policies.

In summaryfor results based payments fodowing applies

A For resultsobtainedin the period from 2006 to 201l@clusive,the FREL is
equal tothe mean annuaCO, emissions associated with gross deforestation
(calculated as adjusted deforestation incremieath the period 1996 to 2005
inclusive (refer toFigure 9 andTable J).

A For resultsobtainedin the period from 2011 to 201#clusive, the FREL is
equal tothe mean annuaCO, emissions associated with gross deforestation
(calculated as adjusted deforestation incremioth 1996 t02010, inclusive
(refer toFigure 9 andTable J).

A For resultsobtainedin the period from 2016 to 202€he FREL isequal tothe
mean annuaCQO, emissions associated with gross deforestafiatculated as
adjusted deforestation incremefigm 1996 tc2015 inclusive

13 For more information on the Presidential Decree no. 7390 of December 9, 2010 see:
http://www.planalto.gov.br/ccivil 03/ Ato20672010/2010/Decreto/D7390.htrast accessed on
September 18th, 2014.

14 For details regarding relevant policies and plans for the Amazonia biome, rafamex I, Part I1.
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Figure 9. Pictoral representation of BraziFREL, where(A) refers to the mean annual €€missions
from the period 1996 to 2003,0106,027,66.63tCO,); (B) refers to the mean annual £€€missions from
the perial 1996 to 2010907,959,46.33tCOy).

Table 1.Adjusted deforestation incremertisd associateemissiongin tC and t CQ) from gross
deforestation in the Amazonia biopieom 196 to 2010

ADJUSTED EMISSIONS FROM CO2 EMISSIONS
vEAR |DEFORESTATION GROSS FROM GROSS
INCREMENT DEFORESTATION | DEFORESTATION
(ha) (tC) (t CO)
1996 1,874,013.00 267,142,749.24 979,523,41388
1997 1,874,013.00 267,142,749.24 979,523,413.88
1998 1,874,013.00 267,142,749.24 979,523,413.88
1999 1,874,013.00 267,142,749.24 979,523,413.88
2000 1,874,013.00 267,142,749.24 979,523,413.88
2001 1,949,331.35 247,899,310.88 908,964,13®9
2002 2,466,603.88 363,942,942.80 1,334,457,4563
2003 2,558,846.30 375,060,876.74 1,375,223,2140
2004 2,479,429.81 376,402,076.09 1,380,40,94568
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2005 2,176,226.17 317,420,001.73 1,163,873,33%8
2006 1,033,634.15 157,117,398.0 576,097,128
2007 1,087,468.65 165,890,83%2 608,266,39726
2008 1,233,037.68 181,637,8129 666,005,319
2009 596,373.64 99,365,58469 364,340,4717.9
2010 583,147.53 93,929,0484 344,406,513
1996- 2005 1,106,027,61®3
1996- 2010 907,959,46@3

The area presented inTable 1 are theadjusted deforestationincremerts of gross
deforestationestimated forthe Amazonia biome.Note that hose from PRODES
correspond to theate of grossdeforestationestimatedfor the Legal Amazonia. The
grey linesin Table 1correspond to years for which datee only availablein analogic
format For any year in the period from 1996 to 204P9ss CO, emissons from
deforestation &ve been calculated followirieps 14 in Figures 6 to 8, andStep 5

REDD+ decisions under the UNFCCC value the constant improvement of data sets and
information over time. It is not expected that countries will submit thedrnmétion to

the UNFCCC only when and if they have the masicurate data available for all
significant pools. Brazil understands that the most important element before accuracy is
to ascertain consistency and transparency of the data submitted.

Brazil is investing considerableuman and financialesources to improve its historical
data setsINPE has a project to expand Digital PRODES to years before 2001 which
will allow for the spatial analysis of deforestation and lead to more precise estimates for
yeas before 2000With the improved data, Braziill submit a revisedREL to the
UNFCCC.

b) Complete,transparent, consistent and accurate information used
in the construction of theFREL

b.1. Complete Information

Completeinformation for the purposes dREDD+, means the provign of information
that allows for the reconstruction of tRREL

The following data and information were used in the constructitimedfREL andare
available for download dittp://www.mma.qov.br/redd/index.php/en/foresterence
emissionlevelsfrel/spatiatinformation

(1) All the satellite image usedto map the deforestatiopolygonsin the
Amazonia biomdrom 1996to 2010.

(2) Accumulateddeforestationpolygonsuntil 1997 (inclusive) presented in a
map hereinafter ferred to as theligital base mapgseeAnnex |, Part | for
more details).
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(3) Accumulateddeforestatiorpolygonsfor years 1998, 1999 and 206fapped
on thedigital base map.

(4) Annual deforestatiornpolygonsfor the period from2001 to 200, inclusive
(annual map3.

IMPORTANT REMARK 1: All mapsreferred to in (2), (3) and (4) aboaee
available inshapefileformat ready to be imported into a Geographical Dat&
for analysis.All satelliteimagesreferred to in (1) above are provided in f
resolution ingeotiff format.Any individual deforestatiopolygoncan beverified
againsthe correspondingatellite image.

IMPORTANT REMARK 2: The maps referred to inX43) and (4)above are ¢
subsetof those produced bWPE for PRODES(for additional informatiorsee
http://www.obt.inpe.br/prodes/index.phand refer only tdhe Amazonia biome
the object of thisubmissionThe information in (2) and (3) above are provic
in a single file.

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

For each year,the deforestation polygons are associated with the
corresponding forest type @RADAMBRASIL volume. These files are large
andare thuspresentedhereonly for year 200%, the year that has been used
to exemplify the calculation of the adjusted deforestation increment (refer to
Box 2andAnnex Il, Part I).

It is worth noting thator all since2001, the stratification of theéeforestation
polygons by forest type attributes and RADAMBRASIL volume indicated
that deforestatiomoncentratesnosty i n t h e Aroof RBefoledtadod A
(a belt that crosses over RADAMBRASIL volumes 416, 20, 22 and 26
refer toFigure 11), and marginally affestforest typesn RADAMBRASIL
volumesassociatedavith higher carbon densities

(6) The information that allows for the calculation of the adjusted
deforestation increments for years 2001, 2002, 208, 2004 and 2005s
available at http://www.mma.gov.br/redd/index.php/en/foresterence
emissionlevelsfrel/spatiatinformation . Annex II, Part | provides an
example of the calculation of trejusteddeforestationncrement for year
20 (seeical cul o_def _i ncr etmught theeFTF. sl i on 20
available at: http://www.mma.gov.br/redd/index.php/en/foresterence
emissionlevelsfrel/spatiatinformation).

(7) A map with the carbon densities of different forggiesin the Amazonia
biome (carbon map), consistent with thaised in theSecond NationaGHG
Inventory, the latest submitted by Brazil to the UNFCCC at the time of
construction of th&REL

5 For year 2003, a tat of 402,176 deforestation polygons have been identified. For each deforestation
polygon in the file, the following information is provided: the State of the Federation it belongs (uf); the
RADAMBRASIL volume (vol); the associated forest type (veg) amdabsociated area (in ha).
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(8) Samplesf the elevant® RADAMBRASIL datathat have been used input
to the allometric equatioby Higuchiet al (1998).They are generated from
the original RADAMBRASIL database, which is the basis for the
construction of the carbon ma@onsultation with theWorking Group of
Technical Experts onREDD+ led to the understanding that there niey
cases ofppareninconsisten@sin carbon densities within a forest tydae
to specific circumstancesf the sample unit This is part of the natural
heterogeneity of the biomass density distribution in tropical vegetation.

b.2.Transparent hformation

This section provides mordetailedinformation regardingheitemsindicatedin section
b.1

Regarding (1): Satellite Imagery

As previously indicated section g, remotely sensed data is the major sous€e
information used to map deforestation polygons every year. The availabiligil o
satellite images used since 8lows for the verification and reproducibility of annual
deforestation polygons over primary forest in the Amazonia biome as well as the cloud
covered areas.

Note that Bice the beginning ofear2003 INPE adoptedn innovative policyo make

satellite data publicly available onlineThe first step in this regardvas to make

available all the satellite images from the ChiBaazil Earth Resources Satellite
(CBERS 2 and CBERS 2B) http:www.dggrpe.bt/ODBREF6 s webs
Subsequently, data from the North American Landsat satellite and the Indian satellite
Resourcesat 1 were also made available. With this policy INPE became the major
distributor of remotely selsl data in the world.

Regarding (2) (3) and (4). Deforestation polygons

All deforestationpolygons’ mappedfor the Amazonia bioméi.e., aggregated until
2007; aggregated for years 1998, 1999 and 2@0@annualfrom 2001 until 2010)@re
available ahttp://www.mma.gov.br/redd/index.php/en/foresterenceemissionlevels
frel/spatiatinformation

Note that this information is a subset bat made availableince 2003by INPE for
PRODES atwww.obt.inpe.br/prodesAt this site, br eachsatellite image (see (1)
above),a vector map ishapefileformatis generated and made available, along with a
the previous deforestation polygons, the areas not deforéseedhydrology network
and the area of neforest.For PRODES, his informationis providedfor each State of
the Federation and fdahe Legal Amazora. Figure 10 shows the screen as viewey b
the usersvhenaccessindNPE swebsite to downloainages andlata.

18 The original RADAMBRASIL data for the volumes where deforestation occurs most frequently (CBH,
forest type, RADAMBRASIL volume) are provided attp://www.mma.gov.br/redd/index.php/en/forest
referenceemissionlevelsfrel/spatiatinformation as RADAMBRASIL sample units data.

1 The information for PRODES is also available for the Legal Amazonia are publicly agailabé

2003 at INPE’s websitevivw.obt.inpe.br/prodgs
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Regarding (5): Deforestation polygons by forest type and RADAMBRASIL volume

In order to ensure transparency in the calculation of the annual adjusted deforestation
increment and associated emission providediable 1, a file that associates each
deforestation polygon withis forest type and corresponding RADAMBRASIL volume

has been generated for each year since 2000. Since these files are large in size, the file

for 2003, containing 402,176 deforestation polygons is made available at
http://www.mma.gov.br/redd/index.php/en/foresterenceemissionlevelsfrel/spatiat

informationast ab 200306 in file Acalculo_def incr e

Regarding (6): Information for the calculation of the adjusted deforestation
increment

The information to calculate the annual adjusted deforestation increment is provided in

the websiténttp://www.mma.gov.br/redd/index.php/en/foresterenceemissionlevels
frel/spatiatinformationfor years 2001, 2002, 2003, 2004 and 2005 (shapefiles
SPAgregado2012_ CO2Amazoni aCompleto_pol _spl
SPAgregado20l1l2o@pkAmazpol asplit2o and
SPAgregado2012 CO2Amazoni aCompleto_pol 0)

o1 R 1 Jen 1
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It is important to note that the availability of data from similar spatial resolution sensors
to Landsat is reducing the need for adjustments, as deforestation undecaleted
areass assessed using alternative satellite data.

Regarding (7): Carbon map

The map with the biomass density of living biomass (including palms and vines) and
litter mass used to estimate the fissiondrom deforestation ifable 1lis the same

as that usedh the Second NationabHG Inventoryto estimateCO, emissions from
conversion of foredandto other laneluse categories.

As already mentionedhe carbon mawas constructed usiren allometric equation by
Higuchiet al (1998) and data (diameter aehst heightlerived from the circumference
at breast heightollectedoy RADAMBRASIL on treesn the sampled plotsas well as
data from the literature, as necessarlge data collected by RADAMBRASIWwere
documented in 38 volumedistributed as shownin Figure 11 over the
RADAMBRASIL vegetation map (refer tdootnote 9). RADAMBRASIL data is
providedfor the relevant volumesat http://www.mmagov.br/redd/index.php/en/forest
referenceemissionlevelsfrel/spatiatinformation

Yol. 13

Vol. 27 Vel. 31 Vol. 38

Figure 11: RADAMBRASIL Vegetationmap of the Amazonia biomeiith the distribution ofts 38
volumes.Source:BRASIL, 2010.

Regarding (8): RADAMBRASIL data

RADAMBRASIL collected a significant amount of data for each one of the 2,292
sample units. The relevant RADAMBRASIL data is provided for the sample units in the
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relevant RADAMBRASIL volumes at site
http://www.mma.gov.br/redd/index.php/en/foresterenceemissionlevelsfrel/spatiat
information i.e., the volumes most affected by deforestatjgolumes 4, 5, 16, 20, 22
and 26) and the information relevdat this submission, particularly CBH.

ADDITIONAL INFORMATION ON RADAMBRASIL DATA  AND
CONSTRUCTION OF THE CARBON MAP

All the RADAMBRASIL sample plotswith relevant data for this submissioconsisted
of transects of 20 meters by 500 meters (hence, 1rhgdfagure 12 presents the
distribution of the(RADAMBRASIL sample plots in the biome Amazonia.

RADAMBRASIL collected data on trees with circumference at breast height above 100
cm in 2292 sample plots. For the Second NatioG#G Inventory, some of these
sample plots were eliminated if:

1 after the lognormal fit, the number of trees per sample unit contained less than
15 or more than 210 trees (less than 1 per cent of the samples);

1 the forests physiognomies were not found in the IBGE (Brazilian Institute fo
Geography and Statistics) chadsd

1 no geographical information on the location of the sample unit was available.

The application of this set of rules led to the elimination of 582 sample plots from
analysis(BRASIL, 2010).

Figure 12. Distributionof the RADAMBRASIL sampleplots. Source:BRASIL, 2010
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