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The Context 

•  After carbon dioxide (CO2), methane 
(CH4) is the second most important well-
mixed greenhouse gas contributing to 
human-induced climate change.  

•  In a time horizon of 100 years, CH4 has a 
Global Warming Potential 28 times larger 
than CO2.  

•  It is responsible for 20% of the global 
warming produced by all well-mixed 
greenhouse gases. 

 

•  The concentration of CH4 in the 
atmosphere is above 150% from the 
levels prior to the Industrial Era (cf. 1750). 

•  The atmospheric life time of CH4 is 
approximate 10±2 years. 

•  Methane also contributes to ozone 
production in the troposphere, which is a 
pollutant with negative impacts on human 
health and ecosystems.  

•  Increasing emissions of methane are 
transformed into water in the stratosphere 
by chemical reactions. 

Updated to 2012 

Kirschke et al. 2013, Nature Geoscience; IPCC 2013 5AR, in press; Voulgarakis et al., 2013 



Atmospheric	  
Observa1ons	   OH	  Sink	  

Biogeochemistry	  
Models	  
(B-‐U)	  

Emission	  
Inventories	  

(B-‐U)	  

Inverse	  Models	  
(T-‐D)	  

Ground-‐based	  
data	  from	  
observa1on	  
networks	  (AGAGE,	  
CSIRO,	  NOAA,	  
UCI).	  
Airborne	  
observa1ons.	  
Satellite	  data.	  

	  

Agriculture	  and	  
waste	  related	  
emissions,	  fossil	  
fuel	  emissions	  
(EDGAR,	  EPA,	  
IIASA).	  
Fire	  emissions	  
(GFED,	  GICC,	  
FINN,	  RETRO).	  

	  

Ensemble	  of	  
different	  wetland	  
models,	  (LPJ-‐
WHyMe,	  LPJ-‐wsl,	  
ORCHIDEE).	  
Data	  and	  models	  
to	  calculate	  
annual	  flooded	  
area.	  

Suite	  of	  different	  
atmospheric	  
inversion	  models	  
(TM5-‐4DVAR,	  
LMDZ-‐MIOP,	  
CarbonTracker-‐
CH4,	  GEOS-‐Chem,	  
LMDZt-‐SACS,	  
MATCH,	  TM2,	  
GISS).	  	  
TransCom	  	  
intercomparison.	  

Long-‐term	  trends	  
and	  decadal	  
variability	  of	  the	  
OH	  sink.	  
ACCMIP	  CTMs	  
intercomparison.	  

The Tools and Data 



CH4 Atmospheric Growth Rate, 1983-2009 

Kirschke et al. 2013, Nature Geoscience; Data from NOAA, CSIRO, AGAGE, UCI atmospheric networks 
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1983-1989:  
12 ± 6 ppb 

•  Slowdown of  
atmospheric 
growth rate 
before 2005 

 
•  Resumed 

increase after 
2006 

1990-1999:  
6 ± 8 ppb 

2000-2009:  
2 ± 2 ppb 



Decadal  
Budgets 



Global Carbon Project 2013; Figure based on Kirschke et al. 2013 

From B-U models & data :  



Larger global total emissions from Bottom-Up (inventories, models) than Top-
Down (atmospheric inversions) because of larger natural emissions 
Large uncertainties remain for wetland emissions (min-max range) 
~50 Tg global imbalance in B-U approaches (T-D constrained by atmosphere)  
Increasing OH loss between decades in B-U (not clear in T-D) 

Tg CH4 yr–1 1980–1989 1990–1999 2000–2009 
Top-Down Bottom-Up Top-Down Bottom-Up Top-Down Bottom-Up 

Sources 
Natural Sources 203 [150–267] 355 [244–466] 182 [167–197] 336 [230–465] 218 [179–273] 347 [238–484] 

Natural Wetlands 167 [115–231] 225 [183–266] 150 [144–160] 206 [169–265] 175 [142–208] 217 [177–284]  
Other Sources 36 [35-36] 130 [61-200] 32 [23-37] 130 [61-200] 43 [37-65]  130 [61-200] 

Anthropogen. Sources 348 [305–383] 308 [292-323] 372 [290–453] 313 [281–347] 335 [273–409] 331 [304–368] 
Agriculture & Waste 208 [187-220] 185 [172-197] 239 [180-301] 187 [177-196] 209 [180-241]  200 [187-224] 

Rice  43 [41-47]  35 [32-37]  36 [33-40] 
Ruminants  85 [81-90]  86 [82-91]  89 [87-94] 

Landfills & Waste  55 [50-60]  65 [63-68]  75 [67-90] 
Biomass Burning 46 [43-55] 34 [31-37] 38 [26-45] 42 [38-45] 30 [24-45]  35 [32-39] 

Fossil Fuels 94 [75-108] 89 [89-89] 95 [84-107] 84 [66-96] 96 [77-123]  96 [85-105]  

Sinks 
Total Chemical Loss 490 [450–533] 539 [411–671] 525 [491–554] 571 [521–621] 518 [510–538] 604 [483–738]  

Global 
Sum of Sources 551 [500–592] 663 [536-789] 554 [529–596] 649 [511-812] 548 [526–569] 678 [542-852] 

Sum of Sinks 511 [460–559] 539 [420-718] 542 [518–579] 596 [530–668] 540 [514–560] 632 [592–785] 

Imbalance  
(Sources-Sinks) 

30 [16–40]  12 [7–17]  8 [-4–19]  

Atmospheric  
Growth Rate 

34  17  6  

 

Inland waters 
Geological leaks 



Regional Methane Budget 

•  Dominance of wetland 
emissions in the tropics 
and boreal regions 

•  Dominance of agriculture 
& waste in India and 
China 

•  Balance between 
agriculture & waste and 
fossil fuels at mid- 
latitudes 

•  Uncertain magnitude of 
wetland emissions in 
tropical South America 
between T-D and B-U 

Kirschke et al. 2013, Nature Geoscience 



Regional Methane Budget : China 

Kirschke et al. 2013, Nature Geoscience 

•  Decadal China emissions for the 
2000s (% of total source for each 
category) :  

•  Nat. wetlands : ~5 % [2-7%] 

•  BBG & biofuels : ~7 % [0-10%] 

•  Fossil fuels :  ~15 % [8-20%] 

•  Agri. & waste :  ~15 % [10-18%] 



Spatial Distribution of Fluxes 

Kirschke et al. 2013, Supplementary Information, Nature Geoscience 
Data sources: Wetland emissions (ORCHIDEE, LPJ-WHyMe, LPJ-wsl), Biomass burning emissions: GFED2, GFED3, RETRO, GICC). 
 



Scenarios of  
Temporal 

Change 



(Results of the) Scenario Analysis for IAV 

Stabilisation period (1999-2006):  
à Decreasing to stable fossil fuel emissions and stable to 
increasing microbial emissions are more likely 

Resumed atmospheric increase (>2006) :  
à Mix of fossil fuel and wetland emissions increase, but 

relative magnitude remains uncertain 
à What about isotopes ? 



What is the interest of δD and δ13C in CH4 ? 

Double isotopic signature of various sources of methane determined by 
experimental studies. Adapted from Marik 1998. 

Can isotopes help to partition emission types ? 

Coal 



NOAA data 
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Can isotopes help to partition emission types ? 



•  2007-2012 period (data analysis) :  
•  Increasing CH4 (~5,7ppb/yr) decreasing 13CH4 ~-0,037 ‰/yr 
•  Atmosphere ~-47,4‰, Coal (China) ~-35‰, Wetlands ~-60‰ 
•  Isotopic signature of total anthropogenic emission changes 

(EDGAR4.2 or EPA – 2000-2008) : from -45‰ to -52‰ 
depending on changes in coal emissions in China and gazs in 
the US 

 
---> Wetland increase (almost) required ! 
 
---> The increase in coal emissions has to be compensated by the 
stabilisation/decrease of another source with a less depleted signature 
in 13C than the amtosphere (gas, BBG ?) ! 
 
--- > 1-Box model calculation, 2 equations : Wetland changes (70-90%) 
dominate anthropogenic changes (10-30%, increasing Coal, 
agriculture&waste, but decreasing BBG, assuming no change in OH) 

First-order impact of a simple isotopic analysis 



Further imrovements 

•  The large uncertainties in natural wetlands limit our ability to fully close the 
CH4 budget  ---> Improved parametrisations, WETCHIMP intercomparison ? 

•  Other natural emissions are also highly uncertain (inland waters, geological) 
---> proxy tracers ? 

•  Little ability of the top-down atmospheric inversions to partition emissions 
among source types ---> Use of isotopes ? 

•  Large uncertainties in the OH mean values ---> proxy methos & isotopes ? 

•  Changes after 2006 still debated between ì wetlands and ì fossil fuels -   
--> use of isotopes, refine IAV of emission inventories ? 

•  Uncertainty on transport modelling significant ---> Refine models  



Atmospheric CH4 datasets  
• NOAA/ESRL (Dlugokencky et al., 2011)  
• AGAGE (Rigby et al., 2008)  
• CSIRO (Francey et al., 1999)  
• UCI (Simpson et al., 2012)  
  
Top-down atmospheric inversions 
• TM5-4DVAR (Bergamaschi et al., 2009)  
• LMDZ-MIOP (Bousquet et al., 2011)  
• CarbonTracker-CH4 (Bruhwiler et al., 2012)  
• GEOS-Chem (Fraser et al., 2013)  
• TM5-4DVAR (Beck et al., 2012)  
• LMDZt-SACS (Pison et al., 2009; Bousquet et al., 
2011)  
• MATCH model (Chen & Prinn, 2006)  
• TM2 model (Hein et al., 1997)  
• GISS model (Fung et al. 1991)  
  

Bottom-up studies data and modeling 
•  LPJ-wsl (Hodson et al, 2011)  
•  ORCHIDEE (Ringeval et al., 2011)  
•  LPJ-WhyMe (Spahni et al., 2011)  
•  GICC (Mieville et al., 2010)  
•  RETRO (Schultz et al., 2007)  
•  GFEDv2 (Van der Werf et al., 2004)  
•  GFEDv3 (Van der Werf et al., 2010)  
•  FINNv1 (Wiedinmyer et al., 2011)  
•  IIASA (Dentener et al., 2005)  
•  EPA, 2011  
•  EDGARv4.1 (EDGAR4.1, 2009)  
•  EDGARv4.2 (EDGAR4.2, 2011)  
•  Description of models contributing to the 

Atmospheric Chemistry and Climate Model  
•  Intercomparison Project (ACCMIP, Lamarque 

et al., 2013; Voulgarakis et al., 2013; Naik et 
al., 80 2013)  

•  TM5 full chemistry model (Williams et al., 
2012; Huijnen et al., 2010) 
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First N2O inversions 
 M. Saunois , G. Broquet 



N2O inversion set-up 
•  Global inversion with Zoom over Europe (1°x1°) 
•  Time-period; 2004-2007 (results for 2007) 
•  Optimized fields : N2O sink, N2O emissions at monthly resolutions 
•  Prior sources =  EDGAR4 + GFEDv3 + PISCES (ocean) + OCN Low 

resolution 
•  Surface network (continous and flask measurements): 

Global network (47 +18 stations) 

M. Saunois , G. Broquet 

European network (18 stations) 
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N2O inversions following IMAGINE project 
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M. Saunois , G. Broquet 



N2O map fluxes in 2007 
Run 1 - prior

Run 1- posterior
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Posterior emissions 
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16,9TgN/yr 19,1TgN/yr 

Prior Sink: 12.11 TgN/yr  
Posterior Sink: 12.25 TgN/yr  


