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Introduction  

 

Brazil welcomes the opportunity to submit a forest reference emission level (FREL) for 

a technical assessment in the context of results-based payments for reducing 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 Climate Change 

(UNFCCC). 

In February 2014, the Ministry of the Environment of Brazil (MMA) created a Working 

Group of Technical Experts on REDD+ through the Ministerial Ordinance No. 41. This 

Working Group, formed mainly by experts from renowned Brazilian federal institutions 

in the area of climate change and forests, provided inputs for the development of this 

submission of the Brazilian government to the United Nations Framework Convention 

on Climate Change (UNFCCC).  

Brazil underlines that the submission of FRELs and/or forest reference levels (FRLs) 

and subsequent Technical Annexes to the Biennial Update Report (BUR) with results 

are voluntary and exclusively for the purpose of obtaining and receiving payments 

for REDD+ actions, pursuant to decisions 13/CP.19, paragraph 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 Durban Platform for Enhanced 

Action. 

 

Area and activity covered by the FREL 

 

Brazil recalls paragraphs 11 and 10 of Decision 12/CP.17 (FCCC/CP/2011/9/Add.2) that 

respectively indicate that a subnational FREL may be developed as an interim measure, 

while transitioning to a national FREL; and that a step-wise approach to a national 

FREL may be useful, enabling Parties to improve the FREL by incorporating better 

data, improved methodologies and, where appropriate, additional pools.  

Brazil proposes through this submission a subnational FREL for the Amazonia biome 

(refer to Figure 1) that comprises approximately 4,197,000 km2 and corresponds to 

49.29 per cent of the national territory2 (refer to Figure 2).  

                                                 
2 As presented in Figure 1, in addition to the Amazonia biome, the national territory has five other 

biomes: Cerrado (2,036,448 km2 ï 23.92 per cent of the national territory), Mata Atlântica (1,110,182 km2 

ï 13.04 per cent of the national territory), Caatinga (844,453 km2 ï 9.92 per cent of the national territory), 

Pampa (176,496 km2 ï 2.07 per cent of the national territory), and Pantanal (150,355 km2 ï 1.76 per cent 

of the national territory) (BRASIL, 2010, Volume 1, Table 3.85). 



 9 

The national FREL  to be submitted by Brazil in the future for each REDD+ activity 

selected will be calculated as the sum of the FRELs constructed for each of the six 

biomes in the national territory (refer to Figure 1).  
 

 
Figure 1: Distribution of the six 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 (refer to Annex I, Part II, for 

details of the Action Plan to Prevent and Control Deforestation in the Legal Amazonia 

(PPCDAm); Annex IV, Part II, Box 4 for the Action Plan to Prevent and Control 

Deforestation and Forest Fires in the Cerrado (PPCerrado); and Annex IV, Part III  for 

information on the Atlantic Forest.  

 

 

Figure 2: State boundaries and boundaries of the Amazonia biome. Source: MMA 

(2014) based on IBGE (2010). 
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Considering the significant relative contribution of the net CO2 emissions from Land 

Use, Land-use Change and Forestry (LULUCF) to the total national net CO2 emissions; 

and the significant contribution of the Amazonia biome to the total CO2 emissions from 

LULUCF (refer to Figure 3), Brazil deemed appropriate to initially focus its actions 

in the forest sector through ñreducing emissions from deforestationò in the 

Amazonia biome, as an interim measure, while transitioning to a national strategy that 

will include all biomes. 

 

 
Figure 3: The relative contribution of the Energy, Industrial Processes and LULUCF sectors to the total 

CO2 emissions at year 20003 (excluding waste)4; and the relative contribution of the Brazilian biomes to 

the total LULUCF emissions (excluding liming) from Brazil. Source: BRASIL, 2010, Volume 1, Part 2, 

Chapter 2.  

 

Regardless of the fact that this FREL submission for REDD+ results-based payments 

includes only CO2 emissions from gross deforestation in the Amazonia biome (see 

Box 1 below for details), preliminary information is provided in Annex IV, Part II, Box 

4 for the Cerrado and in Annex IV, Part III for the Atlantic Forest, to indicate efforts 

already under development in Brazil to transition to a national FREL. 

This submission includes emissions from the following carbon pools: above and below-

ground biomass, and litter. The non-inclusion of the dead wood and the soil organic 

carbon pools (mineral and organic soils) are dealt with in section c.2.  

 

Box 1: Forest and deforestation in the Amazonia biome 

The National Institute for Space Research (INPE) through the Amazonian Gross 

Deforestation Monitoring Project (PRODES) annually assesses gross deforestation in 

ñprimaryò forests in Legal Amazonia with a minimum mapping unit of 6.25 hectares 

                                                 
3 The Guidelines for the preparation of national communications from Parties not included in Annex I to 

the Convention in the Annex of Decision 17/ CP.8 states that non-Annex I 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 communication, non-Annex I Parties shall estimate 

national GHG inventories for the year 2000 (UNFCCC, 2002).  
4 The relative contributions of CO2 emissions from waste to the total CO2 emissions in 2000 was less than 

1 per cent (0.006 per cent) and hence have been excluded from Figure 2. The relative contribution of CO2 

emissions from liming to the total CO2 emissions from the LULUCF sector in 2000 was also less than 1 

per cent (0.7 per cent) and hence also excluded from Figure 2.  
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(for details refer to Annex I, Part I, BOX 1). PRODES forest definition includes all 

vegetation types of Evergreen Forest Formations in the Legal Amazonia and forest 

facies of other formations such as Savanna and Steppe, which are generally classified 

as ñOther Wooded Landò according to the Food and Agriculture Organization of the 

United Nations (FAO) classification system (see Section d of this submission for more 

information on the definition of forest adopted by Brazil). The presence of these facies 

in the Amazonia biome is not significant. However, when deforestation occurs in any 

of these facies, the associated emissions are calculated using their corresponding 

carbon density, provided in Tables 4 and 5.  

At the beginning of PRODES in 1988, a map containing the boundary between Forest ï 

Non-Forest was created based on existing vegetation maps and spectral characteristics 

of forest in Landsat satellite imagery. In 1987, all previously deforested areas were 

aggregated in a map (including deforestation in forest areas that in 1987 were 

secondary forests) and classified as deforestation. Thereafter, on a yearly basis, 

deforestation in the Amazonia biome has been assessed on the remaining annually 

updated Forest.  

For the purposes of PRODES, the areas of Non-Forest are not monitored (regardless of 

being managed or unmanaged following the IPCC definition of managed land5 (IPCC, 

2006). Deforestation occurring in Forest land (managed or unmanaged) is monitored 

and the associated CO2 emission calculated assuming instantaneous oxidation at the 

year deforestation occurs. Hence, the accumulated gross deforestation in the Brazilian 

Amazonia never decreases at each new assessment. 

Another system developed and implemented by INPE and the Brazilian Enterprise for 

Agriculture (EMBRAPA) tracks the dynamics of land cover after deforestation, 

including to Secondary Forest. This system, referred to as TerraClass, maps the land 

use dynamics in areas that have been previously deforested in the Amazonia biome:  

(http://www.inpe.br/cra/projetos_pesquisas/terraclass2010.php and 

http://www.inpe.br/noticias/noticia.php?Cod_Noticia=3302).  

The CO2 removed from the atmosphere by Secondary Forest is not taken into account 

in the construction of this FREL due to the dynamics of Secondary Forest in Brazil. In 

Amazonia, approximately 20 per cent of the land deforested is abandoned to regrow 

(Secondary Forest), thus accumulating carbon. However, this Secondary Forest may 

eventually be cut again (thus losing all the carbon accumulated) to be converted to 

cropland or grassland, and normally remains in the new land-use category for a few 

years before abandonment.  In this case, the gains and losses of carbon in Secondary 

Forests balance out, justifying why Brazil opted to report emissions from gross 

deforestation and not net deforestation.  

The Brazilian deforestation time series from PRODES relate only to deforestation in 

primary forests that may or may not have been impacted by human activities or natural 

events but has not shown a clear cut pattern in the satellite imagery. Hence, areas 

previously logged, whenever identified in the satellite imagery as clear cut, are 

                                                 
5 Managed land is land where human interventions and practices have been applied to perform 

production, ecological or social functions. (IPCC, 2006)  

http://www.inpe.br/cra/projetos_pesquisas/terraclass2010.php
http://www.inpe.br/noticias/noticia.php?Cod_Noticia=3302
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included as deforestation in PRODES.  

Areas under selective logging activities are monitored under another project developed 

by INPE (DETEX ï Detection and Mapping of Selective Logging Activities Project) 

that is presently undergoing new developments to discriminate impact levels and, if 

feasible, between authorized and non-authorized logging. Data for DETEX are already 

available since 2008 but are still aggregated in a single class. 

Deforestation of other than primary forest is reported in the National GHG Inventory of 

Brazil. However, given Brazil´s national circumstances (one of the largest primary 

tropical forests in the world) and considering the marginal contribution of emissions 

from conversion of these other types of forests to the total emission from deforestation 

in Amazonia (1.57 per cent ï refer to Table 3.98 in the Second National GHG 

Inventory), these other forest types (planted forests ï Rev; Secondary Forests, Sec) 

have not been included in Brazil´s FREL. 

 

Section c in this submission (Pools, gases and activities included in the construction of 

the FREL) provides more detailed information regarding other pools and gases.  

Annex III  (Development of FRELs for other REDD+ activities in the Amazonia biome) 

provides some preliminary information regarding forest degradation and introduces 

some ongoing initiatives to estimate the associated emissions, so as not to exclude 

significant activities from consideration.  

There is recognition of the need to continue to improve the estimates of emissions 

associated with REDD+ activities, pools and gases. However, the material in the 

Annexes to this submission is not meant for results-based 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 constructing a FREL;  

b) Complete, transparent, consistent, and accurate information, including 

methodological information used at the time of construction of FRELs; 

c) Pools and gases, and activities which have been included in FREL; and 

d) The definition of forest used in the construction of FREL. 

 

Details are provided below. 

 

a) Information that was used in constructing the FREL  
 

The construction of the FREL for reducing emissions from deforestation in the 

Amazonia biome was based on INPE´s historical time series for gross deforestation in 
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the Legal Amazonia6 using Landsat-class satellite data on an annual, wall-to-wall basis 

since 1988.  

The Legal Amazonia encompasses three different biomes: the entire Amazonia biome; 

37 per cent of the Cerrado biome; and 40 per cent of the Pantanal biome. Figure 4 

shows the aggregated deforestation up to 2012 in the Legal Amazonia, per biome (in 

yellow). Up to 2012, about 12 per cent of the total accumulated deforestation in the 

Legal Amazonia occurred in the Cerrado and Pantanal biomes, mainly 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.  

 

 

Figure 4: Aggregated deforestation (in yellow) up to year 2012 in the Legal Amazonia, and 

in the Amazonia, Cerrado and Pantanal biomes. Forest in green; Non-Forest in pink; water 

bodies in blue. Source: INPE (2014b). 

 

The area of the deforestation polygon by forest type (in km2 or hectares) is the activity 

data necessary for the application of the first order approximation to estimate 

emissions7 as suggested in the IPCC Good Practice Guidance for Land Use, Land-use 

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

from PRODES time series data (modified to consider only deforestation in the 

Amazonia biome) and the vegetation map from the Brazilian Institute for Geography 

and Statistics (IBGE). 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 

                                                 
6 The Legal Amazonia is an area of approximately 5,217,423 km² (521,742,300 ha) that covers the totality 

of the following states: Acre, Amapá, Amazonas, Pará, Rondônia, Roraima and Tocantins; and part of the 

states of Mato Grosso and Maranhão. 
7 ñIn most first order approximations, the ñactivity dataò are in terms of area of land use or land-use 

change. The generic guidance is to multiply the activity data by a carbon stock coefficient or ñemission 

factorò to provide the source/or sink estimates.ò (IPCC, 2003; section 3.1.4, page 3.15). 
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considering that 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 

underestimate the total deforestation at any year (refer to Box 2 for alternative 

approaches to estimate the area of gross deforestation in the Amazonia biome). This is 

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

 

Box 2: Approaches to estimate the area of gross deforestation in the Amazonia biome 

There are several approaches to estimate the area deforested and each may lead to 

different results. The total deforested area may be different if calculated as 

deforestation increment, or deforestation rate, or adjusted deforestation increment. To 

further clarify the above, the text that follows explains the different approaches and 

terminologies used throughout this submission.  

(1) Deforestation Polygons (at year t): refer to new deforestation events 

identified from the analysis of remotely sensed data (satellite images) at year t 

as compared to the accumulated deforestation mapped up to year t-1. Each 

deforestation polygon is spatially identified (geocoded), has accurate shape 

and area representations, and has an associated date of detection (the date of 

the satellite image from which it was mapped). For each year, a map 

containing all deforestation polygons (deforestation map) is made available in 

shapefile format for PRODES (and hence, for the Amazonia biome, after 

exclusion of the areas associated with the Cerrado and Pantanal biomes) at 

(http://www.obt.inpe.br/prodesdigital/cadastro.php). This map does not 

include deforestation polygons under cloud covered areas. However, the 

deforestation map also renders spatially explicit distribution of the cloud 

covered areas.   

 

(2) Deforestation Increment (at year t): refers to the sum of the areas of all 

observed deforestation polygons within a given geographical extent. This 

geographical extent may be defined as the boundaries of a satellite scene 

which has the same date as the deforestation polygons mapped on that scene; 

or the entire Amazonia biome, for which the deforestation increment is 

calculated as the sum of the individual deforestation increment calculated for 

each scene that covers the biome. The deforestation increment may 

underestimate the total area deforested (and associated emissions), since it 

does not account for the area of deforestation polygons under clouds. 

 

(3) Adjusted Deforestation Increment (at year t): this adjustment is made to the 

deforestation increment at year t-1 (or years t-1 and t-2, etc., as applicable) to 

account for deforestation polygons in areas affected by cloud cover and that 

are observable at time t. It is calculated according with Equation 1: 
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http://www.obt.inpe.br/prodesdigital/cadastro.php
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where: 

)(tadjInc = adjusted deforestation increment at year t; km2 

)(tInc = deforestation increment at year t; km2 

)(),( ttCCA D-  = area of the deforestation polygons observed (cloud-free) 

at year t over cloud-covered areas at year t-D; km2. Note that when 

,1=D  )(),1( ttCCA -  equals the area of the deforestation polygons 

observed at year t over cloud-covered areas at year t-1 (but which 

were under cloud-free at year t-2); for 2=D , )(),2( ttCCA -  equals the 

area of the deforestation polygons observed at year t over an area that 

was cloud-covered at both years t-1 and t-2. 

)(),( ttCCA W+ = area of the deforestation polygons observed at year t+W 

over cloud-covered areas at year t; km2. Note that when 1=W , the 

term )(),1( ttCCA + provides the area of the deforestation polygons observed 

at year t+1 over the area that was cloud-covered at year t; when 

2=W , the term )(),2( ttCCA +  provides the area of the deforestation 

polygons observed at year t+2 over the area that was cloud-covered at 

years t and t+1. 

D= number of years that a given area was persistently affected by 

cloud cover prior to year t but was observed at year t; D=1, 2, .... 

Ý = number of years until a given area affected by cloud cover at year 

t is observed in subsequent years (i.e., is free of clouds); Ý = 1,2, é  

As an example, suppose that the area of the deforestation increment observed 

at year t, )(tInc , is 200 km2 and that 20 km2 of this occurred over primary 

forest areas that were cloud covered at year t-1 (but are cloud-free at year t). 

Since these 20 km2 may accumulate the area of the deforestation polygons 

under clouds at year t-1 and the area of the deforestation polygons that 

occurred at year t, the deforestation increment may overestimate the total 

area deforested area (and associated emissions) at year t.  

The adjusted deforestation increment )(tadjInc at year t evenly distributes the 

total area of the deforestation polygons observed at year t under the cloud-

covered area at year t-1 (or before, if the same area was also cloud covered at 

year t-2, for instance) among years t-1 and t. Hence, the adjusted 

deforestation increment at year t is 190 km2 (200 ï 20/2) and not 200 km2, 

assuming that there were no cloud-covered areas at year t (in which case the 
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adjusted deforestation increment at year t would be adjusted by ä
=W

W+

+W1

))((

1
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where )(),( ttCCA W+ = area of the deforestation polygons observed at year t+W 

over cloud-covered areas at year t; and  Ý is the number of years that a given 

area affected by cloud cover at year t is observed (i.e., is free of clouds).   

The rationale behind Equation 1 is to remove from the deforestation 

increment the area to be distributed among the years (-ä
=D
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1

)(),( ttCCA ) and then 

add back the portion allocated to year t ö
ö
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ttCCA
. The last term of the 

equation refers to the area distributed from subsequent years (or year) over 

cloud covered areas at year t. 

(4) Deforestation Rate (at year t): was introduced in PRODES to sequentially 

address the effect of cloud cover; and, if necessary, the effect of time lapse 

between consecutive images. The deforestation rate aims at reducing the 

potential under or over-estimation of the deforested area at year t.  The 

presence of cloud-covered areas in an image at year t impairs the observation 

of deforestation polygons under clouds, and may lead to an underestimation 

of the area deforested; while the presence of clouds in previous years (e.g., at 

year t-1) may lead to an overestimation of the area deforested if all 

deforestation under clouds at year t-1 is attributed to year t. 

This over or under-estimation may also occur if the dates of the satellite 

images used in subsequent years are not adjusted. To normalize for a one year 

period (365 days) the time lapse between the images used at years t and t+1, 

the rate considers a reference date of August 1st and projects the cloud 

corrected increment to that date, based on a model that assumes that the 

deforestation pace is constant during the dry season and zero during the wet 

season. Refer to Annex I, Part I for more information on PRODES 

methodology for calculating the deforestation rate. 

As an example of cloud correction, suppose that the primary forest area in an 

image is 20,000 km2 and that 2,000 km2 of this occurred over primary forest 

areas that were cloud covered. Suppose also that the observed deforestation 

increment is 180 km2. As part of the calculation of the rate, it is assumed that 

the proportion of deforestation measured in the cloud-free forest area (18,000 

km2) is the same as that in the area of forest under cloud (2,000 km2).  

Therefore the proportion 180/18,000 = 0.01 is applied to the 2,000 km2, 

generating an extra 20 km2 that is added to the observed deforestation 

increment. In this case, the cloud corrected increment is 200 km2.  

IMPORTANT  REMARKS:  

1. Note that at any one year, an estimate based on the adjusted deforestation 

increment may be higher or lower than the rate of gross deforestation. 

2. For the sake of verifiability, this submission introduces a slight change in the 

methodology used in PRODES to estimate the annual area deforested. 
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PRODES methodology to annualize observed deforestation and to take into 

account unobserved areas due to cloud cover is not directly verifiable unless 

all the estimates are adjusted backwards. 

3. The approach applied in this submission relies on a verifiable deforestation 

map and does not annualize the time lapse between consecutive scenes. It 

deals with the effect of cloud cover by equally distributing the area of the 

deforestation polygons observed at year t over cloud-covered areas at year t-1 

(or to years where that area was persistently cloud covered) among years t 

and t-1. 

4. The use of the adjusted deforestation increment to estimate the area 

deforested and associated gross emissions is deemed to be more appropriate 

for REDD+, due to the verifiability.  

Annex II , Part I, provides an example of the application of the adjusted deforestation 

increment approach to estimate the area deforested at year 2003, as presented in Table 

1.  

 

In addition to the area of the annual gross deforestation by forest type, another 

fundamental element to estimate the associated emission is the emission factor that, 

here, consists of the carbon density associated with each forest type considered in this 

submission, consistent with the Second National GHG Inventory (in tonnes of carbon 

per unit area, tC ha-1) (refer to Tables 4 and 5). Annex I I , Part II  provides a table with 

the description of the sub-classes included under each forest type contained in this 

FREL submission. The forest types addressed in this submission are in line with those in 

Fearnside (2004) presented on Table 2 (Forest Types in the Brazilian Amazonia).  

The carbon density per unit area was estimated using an allometric equation developed 

by Higuchi et al., (1998) from the National Institute for Amazonia Research (INPA), to 

estimate the aboveground fresh mass8 of trees from distinct forest types9 in the 

Amazonia biome as well as data from the scientific literature, as necessary (refer to Box 

3 and section b.2). 

 

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

Four statistical models (linear, non-linear and two logarithmic) selected from thirty-

four models in Santos (1996) were tested with data from 315 trees destructively 

sampled to estimate the aboveground fresh biomass of trees in areas near Manaus, 

Amazonas State, in the Amazonia biome (central Amazonia). This area is characterized 

by typical dense ñterra firmeò moist forest in plateaus dominated by yellow oxisols.  

In addition to the weight of each tree, other measurements such as the diameter at 

breast height, the total height, the merchantable height, height and diameter of the 

canopy were also collected. The choice of the best statistical model was made on the 

basis of the largest coefficient of determination, smaller standard error of the estimate, 

                                                 
8 Hereinafter referred simply as aboveground fresh biomass.  
9 These forest types, or vegetation classes, totaled 22 and were derived from the Vegetation Map of Brazil 

(1:5,000,000), available at: ftp://ftp.ibge.gov.br/Cartas_e_Mapas/Mapas_Murais/, last accessed on May 

5th, 2014.  

ftp://ftp.ibge.gov.br/Cartas_e_Mapas/Mapas_Murais/
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and best distribution of residuals (Santos, 1996).  

For any model, the difference between the observed and estimated biomass was 

consistently below 5 per cent. In addition, the logarithm model using a single 

independent variable (diameter at breast height - DBH) produced results as consistent 

as and as precise as those with two variables (DBH and height) (Higuchi, 1998).  

Silva (2007) also demonstrated that the total fresh weight (above and below-ground 

biomass) of primary forest can be estimated using simple entry (DBH) and double 

entry (DBH and height) models and stressed that the height added little to the accuracy 

of the estimate. The simple entry model presented percent coefficient of determination 

of 94 per cent and standard error of 3.9 per cent. For the double entry models, these 

values were 95 per cent and 3.7 per cent, respectively. It is recognized that the 

application of the allometric equation developed for a specific area of Amazonia may 

increase the uncertainties of the estimates when applied to other areas.  

In this sense, the work by Nogueira et al. (2008) is relevant to be cited here. Nogueira 

et al. (2008) tested three allometric equations previously published and developed for 

dense forest in Central Amazonia (CA): Higuchi et al. (1998), Chambers et al. (2001) 

and Silva (2007). All three equations developed for CA tend to overestimate the 

biomass of the smaller trees in South Amazonia and underestimate the biomass of the 

larger trees. Despite this, the total biomass of the sampled trees estimated using the 

equations developed for CA was similar to those obtained in the field (-0,8%, -2,2% e 

1,6% for the equations from Higuchi et al., 1998; Chambers et al., 2001 and Silva, 

2007, respectively, due to the compensation of under and over-estimates for the small 

and larger trees. However, when the biomass per unit area is estimated using the 

equations developed for the CA, the estimates were 6.0 per cent larger for the equations 

from Higuchi et al. (1998); 8.3 per cent larger for Chambers et al. (2001); and 18.7 per 

cent for Silva (2007). 

 

The input data for applying Higuchi et al. (1998) allometric equation have been 

collected during the RADAM (RADar in AMazonia) Project (later also referred to as 

RADAMBRASIL project or simply RADAMBRASIL)10. RADAMBRASIL collected 

georeferenced data from 2,292 sample plots11 in Amazonia (refer to Figure 11 for the 

spatial distribution of the sample plots), including circumference at breast height (CBH) 

and height of all trees above 100 cm. More details regarding the allometric equation are 

presented in section b.2.  

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 GPG 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 forest conversion is zero and does 

                                                 
10 The RADAMBRASIL project was conducted between 1970 and 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, potential land use, and assessment of natural renewable resources), which are still 

broadly used as a reference for the ecological zoning of the Brazilian Amazonia. 
11 Also referred in this submission as sample units, consisting of a varied number of trees.  
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not consider any subsequent CO2 removal after deforestation (immediately after the 

conversion or thereafter). This assumption is made since Brazil has a consistent, 

credible, accurate, transparent, and verifiable time-series for gross deforestation for the 

Legal Amazonia (and hence, for the Amazonia biome), but has limited information on 

subsequent land-use after deforestation and its dynamics.  

The text that follows provides detailed information about the construction of Brazil´s 

FREL.  

The basic data for estimating annual gross emissions from deforestation in the 

Amazonia biome derives from the analysis of remotely sensed data from sensors of 

adequate spatial resolution (mostly Landsat-5, of spatial resolution up to 30 meters). 

Images from the Landsat satellite acquired annually over the entire Amazonia biome 

(refer to Figure 5), on as similar as possible dates are selected, processed and visually 

interpreted to identify new deforestation polygons since the previous assessment (for 

details regarding the selection, processing and analysis phases, refer to Annex I , Part I ). 

This generates, for each image in the Amazonia biome a map with spatially explicit 

(georeferenced) deforestation polygons since the previous year. 

 

 

Figure 5: Landsat coverage of the Brazilian Legal Amazonia area. Source: PRODES, 2014 

 

The next step in the process for estimating emissions from deforestation in the 

Amazonia biome consists of overlaying this deforestation map with the ñcarbon mapò 

containing the carbon densities associated with distinct forest types in the Amazonia 

biome. Each deforestation polygon in a given image is associated with a 

RADAMBRASIL volume, a forest type and associated carbon density. Note that the 

same forest type may have a different carbon density depending on the 

RADAMBRASIL volume. This is due to variability in soil types, climatic conditions 

and flood regime for riparian vegetation in the Amazonia biome. 
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The carbon map is the same as the one used to estimate the emissions from forest 

conversion in the Second National GHG Inventory (details of the carbon map are 

provided in Section b.2).  

Figures 6 to 8 present the sequence followed to estimate the total emission from 

deforestation for any year in the period from 1996 to 2010, used in the construction of 

the FREL.  

Due to the fact the digital (georeferenced) information on the annual deforestation 

polygons only became annually available from 2001 onwards; that for the period 1998-

2000 inclusive, only an aggregated digital map with the deforestation increments for 

years 1998, 1999 ad 2000 is available; and that no digital information is available 

individually for years 1996 and 1997, the steps and figures below seek to clarify how 

the estimate of the total CO2 emission was generated for each year in the period 1996 to 

2010. 

In order to simplify the presentation, Steps 1 to 4 assume that all the images used to 

identify the deforestation polygons were cloud free. Under this assumption, the adjusted 

deforestation increment is equal to the deforestation increment, and 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 following the adjusted deforestation 

increment approach described in Box 2.  

Step 1: identification of the available maps with deforestation polygons, as follows: (i) 

map with the aggregated deforestation until 1997; aggregated deforestation polygons for 

1998-2000; and individual maps with deforestation polygons for each year in the period 

2001 to 2010 (inclusive).  

 

 

Figure 6: Pictoral representation of Step 1. 
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Step 2:  integration of the map with the deforestation polygons (Step 1) with the carbon 

map in a Geographic Information System (GIS). For each year, a database containing 

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 (in tonnes of carbon) which, multiplied by 44/12, provide the total 

emissions in tonnes of CO2.   

For  the period 1998-2000, the total CO2 emissions refer to those associated with the 

aggregated deforestation polygons for years 1998, 1999 and 2000 that, when divided by 

3, provide the average annual CO2 emission.  

 

 
Figure 7: Pictoral representation of Step 2. 

 

 

Step 3 indicates the estimated CO2 emissions for each year from 1998 (inclusive) until 

2010; and Step 4 indicates the CO2 emissions for years 1996 and 1997.  
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Figure 8: Pictoral representation of Step 3 and Step 4. 

 

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

 

Step 5: After the deforestation increment and associated emission have been estimated 

for year t, an analysis is made of the areas that were cloud covered in the previous 

year(s), for which information on deforestation is available at year t. The area of the 

observed deforestation polygons at year t that occur under the cloud covered area(s) at 

year t-1 is removed from the increment calculated for year t and evenly distributed 

(summed) to the increment calculated for year t-1 and year t.  

As an example, suppose that the area of the deforestation polygons at year t that fall 

under a cloud-covered area at year t-1 is 100 km2. For the calculation of the adjusted 

deforestation increment for years t and t-1, these 100 km2 are subtracted from the 

increment calculated for year t and evenly distributed between years t and t-1 (i.e., 50 

km2 is added to the observed increment for year t-1, and 50 km2 is added to the 

ñreducedò increment for year t. In case the area observed at year t was cloud covered at 

years  t-1 and t-2, then one third of the 100 km2 is evenly distributed (summed) to the 

increment calculated for years t, t-1, and t-2. Hence, the deforestation increment at year 

t can be reduced due to the distribution of some area to previous years, but may also 

increase due to the distribution of areas at year t+1 over cloud covered areas at year t. 

The areas and associated emissions indicated in Table 1 are the areas presented as 

adjusted deforestation increment and their associated emissions. 



 23 

ESTIMATING EMISSIONS FROM DEFORESTATION POLYGONS 

For each deforestation polygon i, the associated CO2 emission is estimated as the 

product of its area and the associated carbon density in the living biomass12 present in 

the forest type affected by deforestation (refer to Equation 2). 

 

Equation 2: 

 

GEi,j = Ai,j × EFj × 44/12     Equation 2 

        

where: 

jiGE , = CO2 emission associated with deforestation polygon i under forest type j; 

tCO2 

jiA , = area of deforestation polygon i under forest type j; ha 

jEF = carbon stock in the living biomass of forest type j in deforestation polygon i 

per unit area; tC ha-1 

44/12 is used to convert tonnes of carbon to tonnes of CO2 

 

For any year t, the total emission from gross deforestation,tGE , is estimated using 

Equation 3: 

ää
= =

=
N

i

ji

p

j

t GEGE
1

,

1

      Equation 3  

    

where: 

tGE  = total emission from gross deforestation at year t; tCO2 

jiGE , = CO2 emission associated with deforestation polygon i under forest type j; 

tCO2 

N = number of new deforestation polygons in year t (from year t-1 and t); 

adimensional 

p = number of forest types, adimensional  

 

For any period P, the mean annual emission from gross deforestation, pMGE , is 

calculated as indicated in Equation 4: 

 

                                                 
12 Living biomass, here, means above and below-ground biomass, including palms and vines, and litter 

mass. 
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== 1       Equation 4  

   

where: 

pMGE = mean annual emission from gross deforestation in period p; tCO2 yr-1 

tGE  = total emission from gross deforestation at year t; tCO2 

T = number of years in period p; adimensional.  

 

BRAZIL´S FREL FROM GROSS DEFORESTATION IN THE AMAZONIA  BIOME 

 

The FREL proposed by Brazil is a dynamic mean of the CO2 emissions associated with 

gross deforestation since 1996, updated 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 chosen by the Working Group of Technical Experts on REDD+ so as 

to leave out the high deforestation peak in 1995 and also to maintain consistency with 

other initiatives in Brazil, including the Action Plan to Prevent and Control 

Deforestation in the Legal Amazonia (see Annex I , Part I  for details), the National 

Climate Change Policy13 and the Amazon Fund (www.amazonfund.gov.br). 

The dynamic nature of Brazil´s FREL is meant to reflect the effects of policies and 

plans implemented in the Amazonia biome14, as well as improvements in data quality 

and availability.  

Brazilôs FREL does not include assumptions on potential future changes to 

domestic policies.  

In summary, for results based payments the following applies: 

Å For results obtained in the period from 2006 to 2010, inclusive, the FREL is 

equal to the mean annual CO2 emissions associated with gross deforestation 

(calculated as adjusted deforestation increment) from the period 1996 to 2005, 

inclusive (refer to Figure 9 and Table 1).  

Å For results obtained in the period from 2011 to 2015, inclusive, the FREL is 

equal to the mean annual CO2 emissions associated with gross deforestation 

(calculated as adjusted deforestation increment) from 1996 to 2010, inclusive 

(refer to Figure 9  and Table 1).  

Å For results obtained in the period from 2016 to 2020, the FREL is equal to the 

mean annual CO2 emissions associated with gross deforestation (calculated as 

adjusted deforestation increment) from 1996 to 2015, inclusive. 

                                                 
13 For more information on the Presidential Decree no. 7390 of December 9, 2010 see: 

http://www.planalto.gov.br/ccivil_03/_Ato2007-2010/2010/Decreto/D7390.htm, last accessed on 

September 18th, 2014.  
14  For details regarding relevant policies and plans for the Amazonia biome, refer to Annex I, Part II. 

http://www.amazonfund.gov.br/
http://www.planalto.gov.br/ccivil_03/_Ato2007-2010/2010/Decreto/D7390.htm
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Figure 9. Pictoral representation of Brazil's FREL, where (A) refers to the mean annual CO2 emissions 

from the period 1996 to 2005 (1,106,027,616.63 tCO2); (B) refers to the mean annual CO2 emissions from 

the period 1996 to 2010 (907,959,466.33 tCO2). 

 

 

  

Table 1. Adjusted deforestation increments and associated emissions (in tC and t CO2) from gross 

deforestation in the Amazonia biome, from 1996 to 2010. 

 YEAR 

ADJUSTED 

DEFORESTATION  

INCREMENT   

(ha) 

EMISSIONS FROM 

GROSS  

DEFORESTATION  

(tC) 

 CO2 EMISSIONS 

FROM GROSS 

DEFORESTATION  

(t CO2) 

1996 1,874,013.00 267,142,749.24 979,523,413.88 

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 1,949,331.35 247,899,310.88 908,964,139.89 

2002 2,466,603.88 363,942,942.80 1,334,457,456.93 

2003 2,558,846.30 375,060,876.74 1,375,223,214.70 

2004 2,479,429.81 376,402,076.09 1,380,140,945.68 
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2005 2,176,226.17 317,420,001.73 1,163,873,339.68 

2006 1,033,634.15 157,117,398.10 576,097,126.38 

2007 1,087,468.65 165,890,835.62 608,266,397.26 

2008 1,233,037.68 181,637,813.29 666,005,315.39 

2009 596,373.64 99,365,584.69 364,340,477.19 

2010 583,147.53 93,929,048.84 344,406,512.43 

1996 - 2005     1,106,027,616.63 

1996 - 2010     907,959,466.33 

 

The areas presented in Table 1 are the adjusted deforestation increments of gross 

deforestation estimated for the Amazonia biome. Note that those from PRODES 

correspond to the rate of gross deforestation estimated for the Legal Amazonia. The 

grey lines in Table 1 correspond to years for which data are only available in analogic 

format. For any year in the period from 1996 to 2010, gross CO2 emissions from 

deforestation have been calculated following Steps 1-4 in Figures 6 to 8, and Step 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 their information to 

the UNFCCC only when and if they have the most accurate 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 considerable human and financial resources to improve its historical 

data sets. INPE 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 

years before 2000. With the improved data, Brazil will  submit a revised FREL to the 

UNFCCC. 

 

b) Complete, transparent, consistent and accurate information used 

in the construction of the FREL 
 

b.1. Complete Information  

Complete information, for the purposes of REDD+, means the provision of information 

that allows for the reconstruction of the FREL.  

The following data and information were used in the construction of the FREL and are 

available for download at http://www.mma.gov.br/redd/index.php/en/forest-reference-

emission-levels-frel/spatial-information:  

(1) All the satellite images used to map the deforestation polygons in the 

Amazonia biome from 1996 to 2010. 

(2) Accumulated deforestation polygons until 1997 (inclusive), presented in a 

map hereinafter referred to as the digital base map (see Annex I , Part I for 

more details). 

http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
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(3) Accumulated deforestation polygons for years 1998, 1999 and 2000 mapped 

on the digital base map.  

(4) Annual deforestation polygons for the period from 2001 to 2010, inclusive 

(annual maps).  

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) and refer only to the Amazonia biome, 

the object of this submission. The information in (2) and (3) above are provided 

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 and RADAMBRASIL volume. These files are large 

and are thus presented here only for year 200315, the year that has been used 

to exemplify the calculation of the adjusted deforestation increment (refer to 

Box 2 and Annex II, Part I).  

It is worth noting that for all since 2001, the stratification of the deforestation 

polygons by forest type attributes and RADAMBRASIL volume indicated 

that deforestation concentrates mostly in the so called ñArc of Deforestationò 

(a belt that crosses over RADAMBRASIL volumes 4, 5, 16, 20, 22 and 26 ï 

refer to Figure 11), and marginally affects forest types in RADAMBRASIL 

volumes associated with higher carbon densities. 

(6) The information that allows for the calculation of the adjusted 

deforestation increments for years 2001, 2002, 2003, 2004 and 2005 is   
available at: http://www.mma.gov.br/redd/index.php/en/forest-reference-

emission-levels-frel/spatial-information . Annex II , Part I provides an 

example of the calculation of the adjusted deforestation increment for year 

2003 (see ñcalculo_def_increment_emission_2003ò thought the FTP. file 

available at: http://www.mma.gov.br/redd/index.php/en/forest-reference-

emission-levels-frel/spatial-information).  

(7) A map with the carbon densities of different forest types in the Amazonia 

biome (carbon map), consistent with that used in the Second National GHG 

Inventory, the latest submitted by Brazil to the UNFCCC at the time of 

construction of the FREL. 

                                                 
15 For year 2003, a total 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) and the associated area (in ha). 

http://www.obt.inpe.br/prodes/index.php
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information


 28 

(8) Samples of the relevant16 RADAMBRASIL data that have been used as input 

to the allometric equation by Higuchi et al. (1998). They are generated from 

the original RADAMBRASIL database, which is the basis for the 

construction of the carbon map. Consultation with the Working Group of 

Technical Experts on REDD+ led to the understanding that there may be 

cases of apparent inconsistencies in carbon densities within a forest type due 

to specific circumstances of the sample unit. This is part of the natural 

heterogeneity of the biomass density distribution in tropical vegetation.  

 

b.2. Transparent Information 

This section provides more detailed information regarding the items indicated in section 

b.1. 

Regarding (1): Satellite Imagery 

As previously indicated (section a), remotely sensed data is the major source of 

information used to map deforestation polygons every year. The availability of all 

satellite images used since 1988 allows 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 since the beginning of year 2003, INPE adopted an innovative policy to make 

satellite data publicly available online. The first step in this regard was to make 

available all the satellite images from the China-Brazil Earth Resources Satellite 

(CBERS 2 and CBERS 2B) through INPEôs website (http://www.dgi.inpe.br/CDSR/). 

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 sensed data in the world.   

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

All deforestation polygons17 mapped for the Amazonia biome (i.e., aggregated until 

2007; aggregated for years 1998, 1999 and 2000; and annual from 2001 until 2010) are 

available at http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-

frel/spatial-information.  

Note that this information is a subset of that made available since 2003 by INPE for 

PRODES at www.obt.inpe.br/prodes. At this site, for each satellite image (see (1) 

above), a vector map in shapefile format is generated and made available, along with all 

the previous deforestation polygons, the areas not deforested, the hydrology network 

and the area of non-forest. For PRODES, this information is provided for each State of 

the Federation and for the Legal Amazonia. Figure 10 shows the screen as viewed by 

the users when accessing INPE´s website to download images and data.  

 
 

 

                                                 
16 The original RADAMBRASIL data for the volumes where deforestation occurs most frequently (CBH, 

forest type, RADAMBRASIL volume) are provided at: http://www.mma.gov.br/redd/index.php/en/forest-

reference-emission-levels-frel/spatial-information, as RADAMBRASIL sample units data. 
17 The information for PRODES is also available for the Legal Amazonia are publicly available since 

2003 at INPE´s website (www.obt.inpe.br/prodes). 

http://www.dgi.inpe.br/CDSR/
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
http://www.obt.inpe.br/prodes
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
http://www.obt.inpe.br/prodes
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Figure 10. A sample of a window to download the information generated by PRODES. Source: 

www.obt.inpe.br/prodes 

 

 

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 provided in Table 1, a file that associates each 

deforestation polygon with its 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/forest-reference-emission-levels-frel/spatial-

information, as tab ñ2003ò in file ñcalculo_def_increment_emission_2003.xlsò. 

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

increment 

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

the website http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-

frel/spatial-information for years 2001, 2002, 2003, 2004 and 2005 (shapefiles 

ñSPAgregado2012_CO2AmazoniaCompleto_pol_split1ò, 

ñSPAgregado2012_CO2AmazoniaCompleto_pol_split2ò and 

ñSPAgregado2012_CO2AmazoniaCompleto_polò).  

http://www.obt.inpe.br/prodes
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
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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 under cloud-covered 

areas is 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 CO2 emissions from deforestation in Table 1 is the same 

as that used in the Second National GHG Inventory to estimate CO2 emissions from 

conversion of forest land to other land-use categories.  

As already mentioned, the carbon map was constructed using an allometric equation by 

Higuchi et al. (1998) and data (diameter at breast height derived from the circumference 

at breast height) collected by RADAMBRASIL on trees in the sampled plots, as well as 

data from the literature, as necessary. The data collected by RADAMBRASIL were 

documented in 38 volumes distributed as shown in Figure 11 over the 

RADAMBRASIL vegetation map (refer to footnote 9). RADAMBRASIL data is 

provided for the relevant volumes at: http://www.mma.gov.br/redd/index.php/en/forest-

reference-emission-levels-frel/spatial-information  

 

 

Figure 11: RADAMBRASIL Vegetation map of the Amazonia biome with the distribution of its 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 

http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information


 31 

relevant RADAMBRASIL volumes at site 

http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-

information, i.e., the volumes most affected by deforestation (volumes 4, 5, 16, 20, 22 

and 26) and the information relevant for this submission, particularly CBH. 

 

ADDITIONAL INFORMATION ON RADAMBRASIL DATA AND 

CONSTRUCTION OF THE CARBON MAP 

All the RADAMBRASIL sample plots with relevant data for this submission consisted 

of transects of 20 meters by 500 meters (hence, 1 hectare). Figure 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 2,292 sample plots. For the Second National GHG Inventory, some of these 

sample plots were eliminated if: 

¶ 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); 

¶ the forests physiognomies were not found in the IBGE (Brazilian Institute for 

Geography and Statistics) charts; and 

¶ 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. Distribution of the RADAMBRASIL sample plots.  Source: BRASIL, 2010 

 

http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information
http://www.mma.gov.br/redd/index.php/en/forest-reference-emission-levels-frel/spatial-information































































































