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                    Atmospheric Methane  
 
• It is the second most important greenhouse gas         

(Daniel Kahneman) 

 
• It is a greenhouse gas with the lifetime of a dog 
• It determines a significant fraction of the OH reactivity 

of the troposphere 
• It is a precursor of stratospheric water 
• It is Occam‘s worst nightmare (ask Martin Manning) 
• If its growth has been ameliorated by increasing OH, 

future growth may be strong, endangering the 2 
degree target   
 

 
 



• It is a greenhouse gas with the lifetime of  a dog (can we control methane?) 

Lifetime 
 years 



Note: OH reactivity at cruise altitude 
Courtesy: Hella Riede, MPIC 

CH4 about 20% , but it also is a CO precursor 

• It determines a significant fraction of the OH reactivity of the troposphere 



• It is a Troyan Horse precursor of stratospheric water (don‘t mess with 
the stratosphere) 



Friendly Termites Turn your home into a 
natural gas source, it  beats fracking! 

   Don‘t wreck the planet, wreck your home ! 



Gas Raid from Mars in 1938, a wave of Mass Hysteria in New York, fake gas news 

On the other hand....“Methane is a sign 
of LIFE“ 

H.G. Wells 



CARIBIC  
 
 
 

10 feet wide, 1.6 ton (0.4378260 % tow)  



Number of CARIBIC-2 samples to geographical regions  
(color coded) 

13 



CARIBIC 1 

CARIBIC 2 

 Mauna Loa 

















EMAC model support for the interpretation of CARIBIC  
CH4 measurements  





                           The procedure used  
 
• Period 1997-2014 (GHG measurements, Tanja Schuck)  
• Apply a well documented model and use adequate 

resolution 
• Keep the OH distribution fixed  
• Take existing sources  
• Use tagging 
• Get a steady state and tune sources to get best possible 

burden and NS gradient 
• Add an extra source (a constant one) starting in 2007 

for simulating the „renewed increase“ 
• Split this source between NH and SH to optimize the NS 

gradient and stations‘ fits. 
 
 
 



The numerical model setup 
 
EMAC : Numerical chemistry and climate simulation system of sub-models describing  
• tropospheric and middle atmospheric processes  (up to 1 Pa) 
• interaction with oceans 
• land and human influences 
using: 
ECHAM5 - European Centre Hamburg general circulation model [2]  
MESSy2.50.4 – with a novel CH4 submodule (introduced Feb. 2014) 
Modular Earth Sub-model System to link multi-institutional computer codes[1]  
 
Grid Resolution : 
Horizontal: T106   ~1.° × 1.°  
Vertical: 90 hybrid pressure levels - ~ 500 m vertical layers near CARIBIC cruise altitude. 
 
Time step:  2 min 
  
Meteorology: Troposphere nudged towards ECMWF analyses  
         wrt temperature, divergence, vorticity and surface pressure .  

25 



Source type Tg / CH4 y-1 seasonality emitted from/ 
up to 

Ref 

Bogs 41.9 Yes sfc [3] 

Swamps 133.1 Yes sfc [3] 

Termites 19.3 No sfc [3] 

Animals 98.0 No sfc [3] 

Rice 60.0 Yes sfc [3] 

Oil 34.5 No sfc [3] 

Gas  48.0 No sfc [3] 

Coal 41.7 No sfc [3] 

Landfills 72.7 No sfc [6] 

Biofuel combustion 14.9 Yes 45 - 800m [4] 

Biomass burning:  1997-2010  mean: [5] 

 .  .  .                  NH 3 Yes 45 - 3500m 

      .  .  .                   SH 0.2 Yes 45 - 1500m 

 .  .  .           Tropics 22 Yes 45 - 750m 

Grand Total  551.7 

Methane 
emissions:  
  
Input for 
MESSy2.50.4 
submodel 
“offemis”  

Sander Houweling 
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Conclusions 
 
The model results closely follow all stations‘ monthly means 
over the years 1997-2014.  
 
The model results match the CARIBIC aircraft data around 
the tropopause. This involves the variations in time and 
those due to geographical position. The modeled dynamic 
range is still too small (a typical UTLS issue). A higher 
resolution can fix this.  
 
The required additional emissions are for 2/3 to be placed in 
South America. 
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