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Biomass burning in South America emits on average 15 % of 
total global fire emissions 

Overview 



1. Monitoring burned area 
2. Carbon Emissions 
3. Fire risk 
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1. Monitoring burned area 
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We have some estimates of burned area with contrasting results….. 

During the El Niño event in 1997-1998 in Roraima: 

43% difference from min to max estimates 13.5% difference  

Total area Forests affected area 

1. What we know about  fire regime in SA? 

Overview 

Anderson  adaptation 



Anderson et al, book chapter 

And only  MODIS-based products with a consistent temporal coverage (2000 onwards) 

1. What we know about  fire regime in SA? 

Overview 



Oliveiras, Anderson et al., 2014, Global Biogeoch. Cycles 

And only  MODIS-based products with a consistent temporal coverage (2000 onwards) AND 
We know that it underestimates the total burned area 

Total burned area LT: 
272,000 ha 

Total burned area  MODIS: 
98,860 ha 

1. What we know about  fire regime in SA? 

Overview 

FRI for the area is 37 years for grasslands, which is within the range reported 
for grasslands, and 65 years for forests 



1. Quantifying burned areas 

2005 

2012 

2005 

2009 

2014 



1. Quantifying burned areas 

Landsat 5 – TM Surface Reflectance RGB 543, 26th Jul 2010 



1. Quantifying burned areas 
Landsat 5 – TM Surface Reflectance RGB 543, 12th Sep 2010 



Product MOD09 – Surface Reflectance RGB 126, 13th Set 2010 

1. Quantifying burned areas 



Product MOD45 - MODIS Burned Area Product 

Subestimativa de áreas afetadas pelo fogo 

1. Quantifying burned areas 



Shade fraction image based on the Product MOD09 – 13 Sept 2010 

1. Quantifying burned areas 



1. Quantifying burned areas 
Burned area classification – 13 Sept 2010 



1. Quantifying burned areas 
Cummulative Burned area  based on our method – 13 Sept 2010 



Anderson et al 2015, Gblobal Biogeochm. Cycles. 
Anderson et al 2015 under review RS 

And only  MODIS-based products with a consistent temporal coverage (2000 onwards) AND 
We know that it underestimates the total burned area 

Cummulative burned area  
During the 2010 drought 

31% to 33% of the total pristine vegetation remaining in Mato Grosso burnt in 2010. 

1. What we know about  fire regime in SA? 

Overview 

~30% difference, same sensor 



31% to 33% of the total pristine vegetation remaining in Mato Grosso burnt in 2010. 



1. Quantifying burned areas 
Determining  confidence interval and Accuracy  



1. Quantifying burned areas 
Determining  confidence interval and Accuracy  



Landsat 8 MCD45A1 MCD64A1 

MODIS 250m NPP 375m NPP resampled to 250m 

Fire in Forest Areas 

1. Quantifying burned areas 

Courtesy of Celso H. L. Silva Junior 



OBJETIVOS  Área de estudo 

Courtesy Lais Neves 

Parque Estadual do Araguaia no Mato Grosso. Composição colorida (RGB) 5, 4, 3 da 

imagem do Landsat-7/ETM+, da órbita/pontos: 233/68 e 69 de 18/07/2001.  



Cerrado 

Impuca Cerradão  

Campo de 
Gramínea 

Campo de 
murundu 

Profª. Beatriz S. Marimon 

Fitofisionomias do PEA 

Courtesy Lais Neves 



Padrão temporal dos incêndios 

Resultados 

129.540 ha 

186.374 ha 108.779 ha 

Courtesy Lais Neves 



 Dinâmica de Inundação 

Resultados 

Courtesy Lais Neves 



 Extrapolação da área inundada 

 

Resultados 

Série histórica de inundação do Parque Estadual do Araguaia entre 2000 e 2010. 
Courtesy Lais Neves 



2. Carbon emission from fires 
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Brazilian National Plan on Climate Change 
Decree number 7.390/2010 

  
 

PROJECTION TO THE YEAR 2020: of  0,87 Pg C  
TARGET AIMED FOR 2020: 0,53 Pg C to 0,55 Pg C, from which 
0,25 Pg C is the projected emission from deforestation in the 
Amazon. 

Our aircraft measurements: 
 

During the 2011 anomalous wet year: fires were responsible for 
0.30±0.10 Pg C (higher than the projected reductions aimed 
from deforestation) 
During the extreme dry year of 2010: fires were responsible 
0.51±0.12 Pg C, an emission close to the total reduction planed 
by the Brazilian government for the year 2020.  

[Gatti, …Anderson et al., Nature 2014] 



Overview 

 
To understand the role of fires on C emissions and effectively 
support and drive the development of mitigation strategies, 
including fire prevention and management, it is necessary to 
break down emissions into natural forest and savannah fires, 
land management fires and deforestation-related fires. 
 
Moreover, it is important to quantify the role of the different fire 
types, as only wildfires in denser vegetation or fires associated 
with deforestation represent a long-term net source of CO2 to 
the atmosphere.   



2. Quantifying the associated C emissions 
  In summary, our model of gross emission follows: 

 

F =  λ(ldcover) · Bi(x,y) · (1- α(x,y)) dA(x,y),  

 

F’ =  λ’(ldcover) · B’i(x,y) · (1- α’(x,y)) dA’(x,y) (Monte Carlo)   
  where: 
 

F (ton yr-1) is carbon the gross emission (immediate flux to the atmosphere).  
 

λ(ldcover) is the 'decay or release constant (yr-1) specific to each land cover type (ha).  
 

Bi(x,y) is the pre-burn biomass density (Mg ha-1) for the pixel at location (x,y) 
 

α is the slope of the Equation 1 (α = 0.7084)  
 

dA(x,y) is the burned area (in ha) at pixel with location (x,y).  

Anderson et al., 2015 Global Biogeoch. Cycles 



2. Quantifying the associated C emissions 
  In summary, our model of gross emission follows: 

 

F =  λ(ldcover) · Bi(x,y) · (1- α(x,y)) dA(x,y),        
 

λ(ldcover) is the 'decay or release constant (yr-1) specific to each land cover type (ha).  
 
Identification of land cover type has  an accuracy of 80% (i.e. in 80% of the cases the land classification is 
correct, with a confidence interval from 74% to 87%) > Varying randomly  this parameter  uniformly 
distributed. 
 

Anderson et al., 2015 Global Biogeoch. Cycles 



2. Quantifying the associated C emissions 
  In summary, our model of gross emission follows: 

 

F =  λ(ldcover) · Bi(x,y) · (1- α(x,y)) dA(x,y),        
 
      where: 
 

Bi(x,y) is the pre-burn biomass density (Mg ha-1) for the pixel at location (x,y) provided by 
Saatchi et al. [2011].  
 

Saatchi et al., PNAS, 2011. 

Forest and non-forest pixels > varying randomly  this parameter with an approximately normally distributed. 

Anderson et al., 2015 Global Biogeoch. Cycles 



2. Quantifying the associated C emissions 
  In summary, our model of gross emission follows: 

 

F =  λ(ldcover) · Bi(x,y) · (1- α(x,y)) dA(x,y),        
       
where: 

α is the slope of the Equation  Bf = 0.7084*Bi
  (B = biomass, f= final, i= initial) 

α  ± 0.034 (Mg Mg-1)  slope and its uncertainty  is estimated using a linear regression which takes into 
account both x and y errors [York et al., 2004, Unified equations for the slope, intercept, and standard errors of the best straight line. 

Am. J. Phys. 72 (3)] 

Anderson et al., 2015 Global Biogeoch. Cycles 



2. Quantifying the associated C emissions 
  In summary, our model of gross emission follows: 

 

F =  λ(ldcover) · Bi(x,y) · (1- α(x,y)) dA(x,y),        
 
      where: 

dA(x,y) is the burned area (in ha) at pixel with location (x,y). 
An accuracy of 99.2% (confidence interval of 97.67% to 99.48%) for forests and an accuracy of 96.93% 
(confidence interval of  93.76% to 98.92%) for the non-forest classes > Varying randomly  this parameter  
uniformly distributed. 

Anderson et al., 2015 Global Biogeoch. Cycles 



Detailing the C emission model 
AGB pre-fire 

AGB post-fire 

AGB loss C loss (48%) 

C gross emission Committed C emission 



Detailing the C emission model 
AGB pre-fire 

AGB post-fire 

AGB loss C loss (48%) 

C gross emission Committed C emission 

C gross emission 50% of deforestation in forest 

Forests: 1st year of  decomposition 
due to tree mortality 

100% of pastures, agriculture and 
cerrado 



Detailing the C emission model 
AGB pre-fire 

AGB post-fire 

AGB loss C loss (48%) 

C gross emission Committed C emission 

Committed C emission 

50% of deforestation in forest 

Forests: rest of  C in the decomposition 
pool due to tree mortality 



Deforestation 

Primary forest 

Secondary forest 

Logging in Amazonia  
(literature 7%, 8%, 15%, 32%) 

Gross Emissions due to fires  
(50%) 

Committed Emission  
(50%), with a decay of 0.13 to 0.30 -1year 

Gross Emissions due to fires  
(50%) 

Committed Emission  
(50%), with a decay of 0.13 to 0.30 -1year 

Cerrado 
Gross Emissions due to fires  
(100%) 

Detailing the C emission model 



2. Quantifying the associated C emissions 
 



3. Fire risk 
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Overview 



Fire Risk (FR) 

Target variable 

Context variables: exhibit any kind of relationship with the 
target variable and may exhibit relationships among 
themselves 

Climatic variables (C) 

Land use and land 
cover variables (LULC) 

Census data (CN) 

Local information (L) 
Simplified Directed Acyclic Graph – DAG of my Fire Risk Model 

FR 

C 
LULC 

CN 

L 

Bayesian Network model 

3.  Fire risk 



Pilot project: Acre State 

Anderson et al, 2015 in prep. 

3.  Fire risk 



3.  Fire risk 

Courtesy: Alan Pimentel 

Pilot project: Acre State 



Anderson et al, 2015 in prep. 

Pilot project: Acre State 

3.  Fire risk 



Anderson et al, 2015 in prep. 

Pilot project: Acre State 

3.  Fire risk 



Anderson et al, 2015 in prep. 

Pilot project: Acre State 

3.  Fire risk 



Anderson et al, 2015 in prep. 

Pilot project: Acre State 

PAD - Projeto de Assentamento Dirigido; 
PA - Projeto de Assentamento; 
PAE - Projeto de Assentamento Agroextrativista; 
PDS - Projeto de Desenvolvimento Sustentável; 
PAR - Projeto de Assentamento Rápido; 
PAF - Projeto de Assentamento Florestal; 
PCA - Projeto de Assentamento Casulo; 

3.  Fire risk 



Anderson et al, 2015 in prep. 

Pilot project: Acre State 

3.  Fire risk 



3. Fire risk model  
 Pilot project: Acre State 

P.A.D. Pedro Peixoto 

Rio Branco 



Anderson et al, 2015 in prep. 

Pilot project: Acre State 
  Analise de tendencia + analise do historico de uso (long-term e recente) 

3.  Fire risk 



Pilot project: Acre State 

Fire risk as a product of the observations of fire pixels: trend, historical use and 
number of observations Anderson et al, 2015 in prep. 

3.  Fire risk 



Websites: http://www.cemaden.gov.br/pluviometros/   http://educacao.cemaden.gov.br/ 
 

Pilot project: Acre State 

Cemaden Educação  
(Rachel Trabjer e Victor Marchezini) 

Cemaden  Pluviômetros nas 
Comunidades  
(Silvia Saito e Victor Marchezini) 

Modelagem atmosférica 
(Christopher Castro) 

Modelagem  hídrica, 
geodinâmica  e de mobilidade 
(Conrado Rudorff, Marcio 
Moraes Leonardo Barcelar e 
Márcio Andrade) 

Impactos na saúde 
(Luciana Londe) 

Riscos de incêndios  
(Liana e  
Missae Yamamoto) 

Atores locais: Governo Estadual, IMC, SEMA, 
Secretaria educação, Projeto Piscicultores, Sala 
de situação-AC, Defesa civil, Bombeiros 

Integrative multidisciplinar project at Cemaden 
 

http://www.cemaden.gov.br/pluviometros/
http://www.cemaden.gov.br/pluviometros/
http://www.cemaden.gov.br/pluviometros/


Pilot project: Chiquitania region in the Department of Santa Cruz, Bolivia 

Devisscher, Anderson et al, 2015 sub PLoS 

Fire risk for 2025 

Business as usual Rapid growth + CC 

important determinants of wildfire risk in this region are distance to roads, 
deforestation and density of human settlements. Severely dry conditions alone 
increased the area of high wildfire risk by 69%, affecting all categories of land use and 
land cover. the interactions between dry climatic conditions and rapid frontier 
expansion can increase the risk of wildfire even further. 

3.  Fire risk 



Perspectives 
What should be done for improving the understanding and the 
monitoring of fire and its associated impacts? 

1. Burned area:  
 Our product under development  at TREES laboratory  INPE: improved 

detection of forests affected by fires 
 CPTEC in developing a burned area product for the cerrado region based on 

Landsat images, potentially for other  areas in SA 
 Other initiatives: local, regional and global 

 
2. Fire associated GHG emissions 
 Increase the network of forests impacted by fires monitoring plots in SA for 

long term C stock assessment 
 Improve the spatial representation of biomass decomposition decay 
 Implement the emissions and C loss of forest areas affected by multiple fires 

 
3. Fire risk 
 To improve the understanding of local historical and economic drives for the 

use of fire 
 To introduce local programmes for the understanding, adapting and mitigating 

the occurrence and impacts of fires 
 Increase policy enforcement and monitoring systems 
 



 
http://www.liana-anderson.org/ 

Fire on Starry Night 
 Ronald Guerin 

 

http://trees-research.weebly.com/ 


