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IPCC 4th AR, 2007 - Bowman et al., 2009 

Biomass burning = 2-4 Pg C yr -1 

Fossil fuel burning = 7.2 Pg C yr -1 

Biomass burning =  65% of the 
variability in the 1997 – 2001 CO2    
growth rate 

Andreae and Merlet, 2001;Van der Werf et al., 
2006; Solomon et al., 2007; Bowman et al., 
2009 

Contribution of biomass burning to  
changes in radiative forcings 



Global Charcoal Database  
(GCDv2) 

NASA Global Fire Map  
2002-2011 

Past and present fire records 



BC, EC, Particulate OC, 
Brown carbon, TOC   
DOC, NH4

+, organic acids,  
nitrate and potassium,  
PAHs, charcoal  

Biomass burning proxies in ice cores 
Atmospheric lifetimes of days to weeks 

Atmospheric lifetimes of weeks to months 

Carbon monoxide, δ18O of carbon monoxide,  
δ13C of methane, NMHCs 



Cellulose combustion product (> 300 °C) and accounts for 
about 20-30% of the total organic particulates emitted 
during a forest fire. 

Combustion of 
other materials 
(e.g. fossil fuels) 
does not 
produce 
levoglucosan 

Levoglucosan: Specific Molecular Marker 



Separation: HPLC with polar C-18 
Eluent: water/methanol 
Source: ESI 
Mass Analyzer: API 4000 MS/MS 

Sample size:  
< 3 mL  before decontamination 
700 uL each sample 
300 uL injection 

Analysis time:  
30 min + 30 min wash 

Sample pre-treatments: No 
Sample throughput: ~20/day,  
Decontamination required: Yes   

LC-MS-MS System 

Gambaro et. al, 2008 



Summit 

Kehrwald	
  et	
  al.,	
  Tellus	
  B,	
  2012	
  

=	
  oxalate	
  

=	
  levoglucosan	
  

Comparison with  
other tracers 
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Kehrwald et al., Tellus B, 2012 

Comparison between snow and 
atmospheric samples 



www.neem.kh.dk 

NEEM – North Eemian Ice Core  NEEM – North Greenland Eemian Ice Core 



P. Zennaro, in review 

High	
  la'tude	
  (>55°N)	
  
charcoal	
  	
  	
  

Marlon et al., 2008 



P. Zennaro, in review 

NEEM	
  Black	
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P. Zennaro, in review 
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Northern Asia as a major source?  

NASA Global Fire Map  2002-2011 



Africa = “the burning continent” 

NASA Global Fire Map  2002-2011 



Savannas as a carbon source 



Kilimanjaro: 
Savanna and ericaceous vegetation 



Kilimanjaro: Diminishing ice fields 

2000 2007 



Kilimanjaro: Thinning glaciers 

Photos: Doug Hardy 



More 
fires 

Comparison with regional charcoal records 

D. Nelson, unpublished data 

Tierney et al., 2010 

N. Kehrwald, in prep 



Wetter 

Drier 

Russell et al., 2007 

Comparison with regional 
precipitation (1/2) 

N. Kehrwald, in prep 



Wetter 

Drier 
Stager et al., 2005 

Comparison with regional precipitation (2/2) 

N. Kehrwald, in prep 



warmer 

cooler 

Comparison with regional temperature 

Tierney et al., 2010 

N. Kehrwald, in prep 



Land-use change converted forests into flammable grasslands. 

~0.30– 0.35 ka ago (Lamb et al., 2003; Golodewijk, 2001; Ramankutty 
and Foley, 2001) 

~0.8-1 ka ago (Semmanda et al., 2005; Russell et al., 2009) 

~2.5 ka ago (Robertshaw and Taylor, 2000) 

Natural or anthropogenic effects? 



Africa = “the burning continent” but… 

NASA Global Fire Map  2002-2011 



EPICA DOME C 

www.awi.de, www.jyi.org 

EPICA Dome C  



EPICA Dome C 

Lambert et al, 2008 

Jouzel et al., 2004 

N. Kehrwald, in prep 



EPICA Dome C,  
methane and carbon dioxide 

Loulergue et al., 2008 

Lüthi et al., 2008 

N. Kehrwald, in prep 



Lower figure modified from Van der Werf et al., 2010; CO from Wang et al.,. 2010; 
 δ13C  of CH4 from Ferretti et al., 2005; Charcoal from Marlon et al., 2008 

N. Kehrwald, in prep 



Ongoing work: www.earlyhumanimpact.eu 



Current state of ignorance: 
What we don’t know but would like to know 

•  Post-depositional alteration: 
 Glacier thinning  
 Preserved cold ice relics in melting glaciers 

•  Hardwood vs softwood 
contributions 

•  Tracing source regions 

•  Human vs. natural 
ignition 



Conclusions 

Levoglucosan can only be produced by cellulose burning at 
300ºC or higher. This specificity can help differentiate 
between fossil fuel or biomass burning. 

EDC does not demonstrate an increase in fire activity at 
5000 and/or 7000 years ago. 

The highest Holocene fire activity occurs during the past 
500 years in EDC. This substantial increase is not present 
in NEEM. 

African savannas are a major carbon and levoglucosan 
emitter, yet these emissions are not reflected in EDC. 
Kilimanjaro provides a regional fire history. 
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