
2013 
Global  

Methane Budget 

Three Decades of Global Methane 
Sources and Sinks 

Version 24 October 2013 



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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The Activity 

• The Global Methane Budget is the new companion activity of the Global Carbon Budget 
activity http://www.globalcarbonproject.org/carbonbudget of the Global Carbon Project, a 
project of the IGBP, WCRP, IHDP, and Diversitas. 
 

• The activity aims to update the budget on a regular basis (annually or bi-annually) and 
extend its analysis. 
 

• It focuses on analyses and syntheses of existing data, models, and estimates from bottom-up 
approaches (inventories, models) and top-down approaches (atmospheric inversions). 
 

• It relies on contributions from a number of networks and institutions (see 
Acknowledgements) 

– Observational networks (NOAA, CSIRO, UCI, AGAGE) 
– Inventories (EDGAR, EPA, IIASA) 
– Wetland models, biomass burning data sets 
– Inverse modeling systems for atmospheric transport 
– Chemical transport models for OH sink 

 

• Global Methane Budget Website http://www.globalcarbonproject.org/methanebudget 
 

• This effort has contributed to the IPCC 5th Assessment Report, Working Group I, Chapter 6 

http://www.globalcarbonproject.org/carbonbudget�
http://www.globalcarbonproject.org/methanebudget�
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Jean-François Lamarque, Ray L. Langenfelds, Corinne Le Quéré, Vaishali 
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Nature Geoscience. doi:10.1038/ngeo1955. Published online 22 September 
2013. 
 
http://www.nature.com/ngeo/journal/vaop/ncurrent/full/ngeo1955.html 
 
 

http://www.nature.com/ngeo/journal/vaop/ncurrent/full/ngeo1955.html�


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.  
 

• CH4 is responsible for 20% of the global 
warming produced by all well-mixed 
greenhouse gases, and constitutes 60% of 
the climate forcing by CO2 (0.97 Wm-2 vs 
1.68 Wm-2) since pre-Industrial time. 

 

• Annual globally averaged CH4 
concentration was 1803±4 parts per 
billion in 2011 and 722 ppb in 1750. 150% 
increase since pre-Industrial time. 
 

• CH4 contributes to water vapor in the 
stratosphere, and to ozone production in 
the troposphere, the latter a pollutant 
with negative impacts on human health 
and ecosystems.  
 

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

Updated to 2012 

IPCC WGI 2013; Voulgarakis et al. 2013, Atmos. Chem. Phys. 



Atmospheric 
Observations OH Sink Biogeochemistry 

Models 
Emission 

Inventories Inverse Models 

Ground-based 
data from 
observation 
networks (AGAGE, 
CSIRO, NOAA, 
UCI). 
Airborne 
observations. 
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 



Decadal  
Budgets 



CH4 Atmospheric Growth Rate, 1983-2009 

Kirschke et al. 2013, Nature Geoscience; Data from NOAA, CSIRO, AGAGE, UCI atmospheric networks 

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 



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



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



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



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) 



Evolution of Uncertainty: Decadal Budgets 

- No source or sink reaches the maximum level of confidence (large green circle) 
- Robustness is larger in the 2000s than in previous decades 
- Agreement can go down as more studies appear (e.g. fire, wetlands, OH, …) 

Kirschke et al. 2013, Nature Geoscience 



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 



Emissions 
& Sinks 



Anthropogenic Methane Sources (2000s) 

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



Natural Methane Sources (2000s) 

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



Methane Sinks (2000s) 

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



Agriculture/Waste CH4 Emissions 

Global Carbon Project 2013; Figure based on Kirschke et al. 2013. Data sources shown in figure. 

(T-D) 
(T-D) 

(T-D) 
(T-D) 
(T-D) 

(B-U) 
(T-D) Top-Down estimates 
(B-U) Bottom-Up estimates 



Biomass Burning CH4 Emissions 

Global Carbon Project 2013; Figure based on Kirschke et al. 2013. Data sources shown in figure. 

(T-D) Top-Down estimates 
(B-U) Bottom-Up estimates 

(T-D) 
(T-D) 

(T-D) 
(T-D) 
(T-D) 

(B-U) 

(B-U) 
(B-U) 
(B-U) 

(B-U) 



Wetland CH4 Emissions, 1980-2009 

Increase 2005-2009 in 
B-U models due to 
precipitation forcing 
(increase in tropical 
land precipitation)  

Global Carbon Project 2013; Figure based on Kirschke et al. 2013. Data sources shown in figure. 

(T-D) Top-Down estimates 
(B-U) Bottom-Up estimates (T-D) 

(T-D) 
(T-D) 
(T-D) 
(T-D) 

(B-U) 
(T-D) 

(T-D) 



Fossil Fuel CH4 Emissions 

Global Carbon Project 2013; Figure based on Kirschke et al. 2013. Data sources shown in figure. 

(T-D) Top-Down estimates 
(B-U) Bottom-Up estimates 

(T-D) 
(T-D) 

(T-D) 
(T-D) 
(T-D) 

(T-D) 



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). 
 



Interannual Variability of CH4 Emissions 
• Natural wetlands dominate IAV with contribution of BBG during large fires events 
• Trends in emissions are not fully consistent between models (cf fossil, wetlands) 
• Causes of the stabilisation period (1999-2006) and increasing period (>2006) still 

uncertain (fossil / wetlands?) 

Kirschke et al. 2013, Supplementary Information, Nature Geoscience 
 



Interannual Variability by Latitude 

Kirschke et al. 2013, Supplementary Information, Nature Geoscience 
 



Scenarios of  
Temporal 

Change 



S0 : EDGAR/EPA +wetlands 

Range of global 
emissions 
(from atm. Obs  
& inversions) 

Range of wetland 
emissions  
(B-U= light green, 
T-D = dark green) 

5-year emission changes since 1985 for 3 categories 

Scenarios of Temporal Change 



S0 : EDGAR/EPA +wetlands 
 
 
S1 : Decreasing fugitive 
emissions from 1985 to 
2000 + EDGAR/EPA + 
wetlands (TD or BU) 
  Range of global 

emissions can 
be matched with 
decreasing 
fugitive 
emissions 

Scenarios of Temporal Change 

5-year emission changes since 1985 for 3 categories 



S0 : EDGAR/EPA +wetlands 
 
 
S1 : Decreasing fugitive 
emissions from 1985 to 
2000 + EDGAR/EPA + 
wetlands (TD or BU) 
 
 
S2 : Stable fossil and 
microbial between 1990 
and 2005 + EDGAR/EPA 
+wetlands (TD or BU) 
  

Range of global 
emissions can 
be matched with 
stable fossil and 
microbial 
emissions 

Scenarios of Temporal Change 

5-year emission changes since 1985 for 3 categories 



S0 : EDGAR/EPA +wetlands 
 
 
S1 : Decreasing fugitive 
emissions from 1985 to 2000 
+ EDGAR/EPA + wetlands 
(TD or BU) 
 
 
S2 : Stable fossil and 
microbial between 1990 and 
2005 + EDGAR/EPA 
+wetlands (TD or BU) 
 
 
S3 : Decreasing microbial 
and stable fossil + 
EDGAR/EPA + wetlands 
(TD or BU) 
 

Range of global 
emissions is less 
matched by 
stable fossil and 
decreasing 
microbial 
emissions 

Scenarios of Temporal Change 

5-year emission changes since 1985 for 3 categories 



S0 : EDGAR/EPA +wetlands 
 
 
S1 : Decreasing fugitive 
emissions from 1985 to 2000 
+ EDGAR/EPA + wetlands 
(TD or BU) 
 
 
S2 : Stable fossil and 
microbial between 1990 and 
2005 + EDGAR/EPA 
+wetlands (TD or BU) 
 
 
S3 : Decreasing microbial 
and stable fossil + 
EDGAR/EPA + wetlands 
(TD or BU) 
  

After 2005 : Too 
fast increase for 
all scenarios ! 

Scenarios of Temporal Change 

5-year emission changes since 1985 for 3 categories 



Results of the Scenario Analysis 

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

 
Resumed atmospheric increase (>2006) :  
 Mix of fossil fuel and wetland emissions increase, but 
relative magnitude remains uncertain 



Final Key Points 

• Among datasets and models, consistency is higher on anthropogenic 
decadal emissions than natural ones. 

• The large uncertainties in the mean emissions from natural wetlands limit 
our ability to fully close the CH4 budget. 

• Global emissions as inferred from the sum of all individual emission sources 
are likely too high as they cannot use the overall atmospheric constraint. 

• Little ability of the top-down atmospheric inversions to partition emissions 
among source types. 

• Still large uncertainties on decadal means but reduced compared to the 
IPCC 4th Assessment Report. 

• Interannual variability is dominated by natural wetlands, with short-term 
impacts of biomass burning. More robust than decadal means. 

• 1999-2006 :  fossil fuel emissions with  microbial emissions more 
likely than other tested scenarios. 

• Changes after 2005 still debated between  wetlands and  fossil fuels  
• Improved agreement for a small OH interannual variability in the 2000s 

between top-down and bottom-up estimates. 
 

 



 

Global Methane Budget Website 
http://www.globalcarbonproject.org/methanebudget 
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http://www.globalcarbonproject.org/methanebudget�
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