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Atmospheric methane is not a “bed of roses”  
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Why methane ? 

• Second anthropogenic greenhouse gas in terms of radiative 
forcing 

•  Tropospheric ozone precursor 

•  Main player in determining the oxidising capacity of the 
atmosphere 

•  Good target for mitigating climate change 

-----> What are the recent and current sources ans sinks of     
     atmospheric methane ? 
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Between 1999 and 2004, increasing 
anthropogenic emissions (mainly 
North Asia) compensate decreasing 
wetland emissions (NH droughts) and 
maintain a small growth rate.. 

Wetlands are the largest contributor 
to year-to-year variations of methane 
emissions 

Inversion results are in good 
agreement with bottom-up models 
based on satellite retrievals and 
process models. 

The long-term reduction in growth 
rate is mostly due to anthropogenic 
emissions 

Inversion of methane emissions : 1984-2003  
Bousquet et al., 2006 
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Evolution of anthropogenic global emissions 

Fair agreement only 
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Including 13CH4 observations to constrain emissions ?  

Kai et al.,2011 

• Different emissions have different isotopic signature in the atmosphere in 13CH4 
and CH3D. 
• Isotopes can help partitioning sources and sinks when discriminations are 
sufficiently well known   
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2006-2008 anomaly in methane emissions  

Wetlands from the ORCHIDEE model 
Ringeval et al., 2010. 

WETLANDS from a synthesis inversion 
Update from Bousquet et al., 2006. 

TOTAL emissions from a synthesis inversion 
Update from Bousquet et al., 2006. 

TOTAL emissions from a variational inversion 
Update from Pison et al., 2009. 

• 2006 - 2008 yearly averaged CH4 
emission anomalies.  
• Reference period : 1999-2006 

• Good agreement between inversions at 
the global scale 

• Dominant contribution of wetlands 

• Fair to good comparison with the 
bottom-up model ORCHIDEE 

Bousquet et al., 2011 
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TOTAL emissions from a variational inversion 

4

Good agreement between inversions at 

Fair to good comparison with the 

Bousquet et al., 2011 
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Precipitation and 
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Visible Correlations 
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tropics 

ORCHIDEE forcings 
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PYVAR-SACS : a multispecies inversion 
 for the methane oxidation chain 

Satellite  
Sciamachy,  
Iasi, Gosat 

Satellite  
OMI 

Pison et al., 2009 ; Chevallier et al., 2005 
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Regional contribution of biomass burning ? 

Fortems et al., 2012 
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Frankenberg et al., 2005, 2008 

Methane column-averaged from space : SCIAMACHY 
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Use of satellite products : CH4 columns 
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Cressot, PhD 

Difference between satellite products for  CH4 surface flux estimates 
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•  Initiative of the Global Carbon Project 
•  Regular update of the CH4 global budget, annually or bi-

annually – similar to CO2 budget 
•  Synthesis of existing data, bottom-up and top-down 
•  Contributions from 

–  Observational networks (NOAA, CSIRO, LSCE, AGAGE) 
–  Inventories (EDGAR, GEIA, GFED) 
–  Inverse modeling groups, chemical transport models (OH) 
–  Process-based modellers (wetland models, …) 

•  Budget release in a high-profile paper each year 
•  Contribution to the next IPCC report 
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Thanks … 

Science vs Art, no winner … 
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Atmospheric methane since 2000 

Dlugokencky, pers. Comm. 35 
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Split of anthropogenic global methane emissions 

Fossil Fuels 

Agriculture + waste 

Poor agreement ! 



First Winter School PKU-LSCE on Earth System Science, Feb 13-17 2012 

Land surface  
model 

Meteo. data 
Prior param.  
calibration 

CH4 emissions due to natural wetland areas 

Satellite  
data 

Flux  
Tower 

Assimilation data  Validation data 

Flux measurements 

Satellite data 

Forest & Soil  
C inventories 

Forcing data 

Bottom-up modelling 
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