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Biomass burning is a large source of atmospheric CO2, CO, aerosols and chemically 
important gases and is a major component of the carbon cycle and Earth climate system. It 
directly drives most of the interannual variability in carbon greenhouse gases and has also a 
direct influence on human societies. However, estimates of CO fire emissions still suffer 
from large uncertainties and the relationship between biomass, emission, climate, and 
anthopogenic activities is still uncertain. This ongoing project aims at firstly using top-down 
method to estimates CO emissions and then simulating emission factors for bottom-up fire 
modellings. Currently, using PYVAR-LMDz-SACs model, based on remote sensing retrievals of 
CO from MOPITT data and HCHO data from OMI as secondary control, with measurements 
of CH4 and MCF from surface station and airplane samplings, we estimated the overall 
monthly CO emissions from 2005 to 2010. The overall CO emissions shows strong 
correlation with satellite observed burned area, with some discrepancies might caused by 
other emission sources e.g. anthropogenic emissions, and uncertainties in emission factors. 
Further work in updating CO inversion from multiple remote sensing data till 2012, 
attributing CO emission sources and simulating emission factors in fire modeling will be the 
main focus. 
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Background:	  Biomass	  burning	

Brian Magi, NOAA GFDL	
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Background:	  Emissions	  from	  fire	

Urbanski et al., Wildland 
Fires and Air Pollution, 
(2009)	
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Background:	  Global	  atmospheric	  CO	  budget	  
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Background:	  Global	  Emissions	  es3mates	  

EDGAR4.2 （2000）	

Yokelson et al., ACP, 2008	

Andreae and Rosenfeld, 
Earth Science Reviews, 2008	

Andreae and Merlet, GBC, 
2001	

Yan et al, GBC, 2005	

Guenther et al., 1995; 2006; 	

GFEDv3.1	
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A.	  BoTom-‐up	  methods	  

�  A(x,t):	  Area	  burned	  

�  B(x,t):	  Biomass	  burned	  (biomass	  burned/area)	  
•  type	  of	  vegetation	  (ecology)	  
•  fuel	  characteristics:	  

§  amounts	  of	  woody	  biomass,	  leaf	  biomass,	  litter,	  ...	  
•  fuel	  condition	  

§  moisture	  content	  

�  Efi:	  Emission	  factor	  (mass	  emission	  /biomass	  burned)	  
•  fuel	  characteristics	  
•  fuel	  condition	  

Emissionsi = f (A(x, t),B(x, t),Efi
)
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http://www.umt.edu/chemistry/faculty/yokelson.htm 

•  Resolution and coverage inadequacy in 
temporal & spatial	


•  Dilution prior to measurements	


A.	  BoTom-‐up	  methods	  

(1) Emission factors determined from field measurements	
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http://www.umt.edu/chemistry/faculty/yokelson.htm 

 
•  Resolution and coverage 

inadequacy in temporal & 
spatial 

•  Dilution/accumulation prior to 
measurements 

A.	  BoTom-‐up	  methods	  

(2) Emission factors determined from laboratory experiments	


A schematic of the USFS Fire Sciences 
Laboratory (FSL) 	

combustion facility in Missoula, MT.	
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B.	  Top-‐down	  method	  

•  Surface	  flux	  inversion	  based	  on	  atmosphere	  
concentra3on	  observa3ons	  

•  Ques3on?	  
– Biomass	  burning	  emission	  aTribu3on	  
– Emission	  factor	  valida3on	  in	  fire	  modelling	  

•  constant	  emission	  factors	  in	  different	  biomes	  

– What	  influences	  the	  burning	  emission	  of	  CO?	  
•  dynamic	  emission	  factors	  simula3on	  

–  Biome,	  biomass	  burned,	  fuel	  condi3on,	  season,	  weather,	  
humidity…	  
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•  Inversion	  System	  
–  Pyvar	  (Chevallier	  et	  al.,	  2009)	  
	  
–  Transporta3on	  model	  

•  LMDz	  	  
–  Chemical	  model	  	  

•  INCA	  -‐	  SACS	  

Data	  &	  Method	  

•  Data	  
–  CO	  (remote	  sensing)	  

•  MOPITT	  
•  AIRS	  
•  IASI	  

–  HCHO	  (remote	  sensing)	  
•  OMI	  

–  CH4,	  MCF	  
(measurements)	  

•  Surface	  sites	  
•  Airplanes	  

–  OH	  
•  INCA	  simulated	  

Pison et al., 2009; Fortems-
Cheiney et al., 2012	
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Data	  selec3on	  
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Grey line – prior emission computed mixing ratio by forward LMDz; Color lines- observation	
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Data	  selec3on	  
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Worden et al., (2013)	




CO	  (MOPITT	  version)	  	  
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Global	  paTern	  of	  CO	  obs,	  prior,	  inversion	  and	  
burned	  area	  
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15	  Global monthly mean	


Total CO emission inversion (black) ���
vs. prior emission (blue-EDGAR+GFED)���
 vs. burned area (red)	


Temporal	  change	  of	  CO	  flux	  (prior	  vs.	  inversion)	  
and	  burned	  area	  



CO	  inversion	  vs.	  prior	  	  

Black – inv	

Grey – prior	

Red – burned_area	
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Obs	  (green)	  –	  	  Prior	  (blue)	  –	  Inv	  (red)	  
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Prior	  flux	  vs.	  inversion	  
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Inversion	  –	  prior	  –	  burned	  area	  

Black – inv	

Blue – prior	

Red – burned_area	
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Total	  budget	  

Fortems et al., (2012)	
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Other	  inversion	  results	  

Hooghiemstra et al. (2012)	
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Possible	  explana3ons	  

•  Missing	  emission	  in	  prior	  in	  North	  Hemisphere	  
in	  spring?	  
– Anthropogenic	  emissions:	  hea3ng, vehicle	  
– Moldering: burned	  area	  not	  detected…	  

•  Inversion	  error?	  
– High	  spring	  concentra3on	  	  

•  Low	  temperature,	  less	  radia3on,	  less	  OH	  
•  Result	  in	  miss-calculated	  high	  emission?	  
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Next	  steps	  

•  Update	  CO	  emission	  inversions	  3ll	  2012	  with	  
updated	  versions	  	  

•  Mul3ple	  Remote	  sensing	  data	  sources	  to	  
narrow	  the	  uncertainty	  
– AIRS,	  IASI	  
– OMI…	  

•  ATribute	  biomass	  burning	  emissions	  
– Seasonal	  change	  in	  anthropogenic	  emission	  
– Mul3-‐species	  aTribu3ons	  (CO	  to	  CH4,	  CO2	  ra3os)	  

•  Emission	  factors	  es3ma3on	  




