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Methane Mysteries

Martian methane (0.27 Gg/a; 300 year lifetime) is 
made by an ongoing process. The origin could 
either be an ancient or a modern one. 
Geochemistry (volcanoes) or biology (microbes). 

Titan’s weather forecast:
Methane clouds and methane rain
(~1.6% mixing ratio; liquid methane lakes)

Possible origins of Titan methane:
- cryovolcanoes
- geothermal heating of methane hydrates
- Organic sediments

Olivine + Water + Carbonic acid � Serpentine + Magnetite + 
Methane
(Fe,Mg)2SiO4 + nH2O + CO2 � Mg3Si2O5(OH)4 + Fe3O4 + CH4



Doom Scenarios

• Outbursts of methane from melting 
permafrost?

• Destabilizing biogenic sea-floor methane 
hydrates

‘clathrate gun hypothesis’

• Mud volcanoes, geothermal activity

Arctic methane: “A sleeping giant ”?

Methane 
bubbles
climate 
troubles



Perspective 1 : 800.000 years of Earth
history

Resolution  ~ 200 – 400 years
ddddD / Temperature Phase lag ~ 1100 years
Amplitude    ~ 400 ppbv (30-60% attenuation during e nclosure)

Loulergue et al., 2008, Nature 453, 383-386. doi:10.1038/nature06950
Spahni, R., et al., 2003, Geophys. Res. Lett., 30(11), 1571, doi:10.1029/2003GL017093.
Delmotte, M.,  et al., 2004, J. Geophys. Res., 109, D12104, doi:10.1029/2003JD004417.
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The Anthropocene



SCIAMACHY methane column-mean mixing 
ratio

Year 2004



Science questions

• Why has the methane 
growth rate been declining 
since the
1980s?

• What causes the inter-
annual variations in methane 
growth?

• What is the role of methane 
lifetime changes vs methane 
emission changes?

• What changed in 2007?



Annual mean for 2004 (in Gg/cell/ month)

Bottom-up inventories (EDGAR) :
ruminants, fossil fuel, waste treatment, rice, 

burning

Anthropogenic methane emissions (~300 Tg)

Map: Including rice paddies
Excluding biomass burning



Lower and lower estimates for rice emissions

26 Tg/year (14.8 – 41.7)  (Yan et al., GBC,2009)



Net natural methane fluxes
1990-2005 mean (~175 Tg)

Wetlands, peatlands, wet soils, soil consumption

LPJ Global Dynamical Vegetation Model (Prentice et al); carbon c ycling including CH



Evaluation of methane emissions



Inverse modelling

Surface network of background 
stations

+

Anthropogenic a priori emission 
distributions

+

LPJ a priori natural emission/sink 
distributions

=> HYMN Inverse modelling (Lisa)



Latitudinal constraints on emissions

Posterior totals

T           323 Tg/a 
(64%)
NH ET  169 Tg/a 
(33%)
SH ET    15 Tg/a  (  
3%)

Fossil

Fossil fuels  -20 Tg/a
Wetlands     -24 Tg/a

Wetlands

NH ET Reductions

Northern wetlands
Fossil fuel prod. & 
use

Arctic (60-90N):
Prior          47 Tg
Posterior   18 Tg



Constraints on emission categories based on 13C 
fractionations

Optimize present-day emission categories by combining present-day
observations with ice core data for past time periods

Range and uncertainties in 13C and D 
depletions of CH4 emission categories
Fischer et al, Nature,2008

Time evolution of the atmospheric 13C depletion of 
CH4
Ferretti et al, Nature,2005

Early-agricultural EI PD



Present-day global methane 
emission distribution by 
category:

Fossil 24 ± 5%

Pyrogenic 6 ± 2%

Biogenic 70 
± 6%

Natural 34 ± 3%
Anthropogenic 36 ± 5%

Lisa Neef et al., 2009,
in preparation

Red dots: CH4
13C atmospheric depletion 

observations
Other: as implied by three recently published 
divisions into present-day emission categories

Constraints on emission categories based on 13C 
fractionations



Chemistry-transport modelling relates inventories and calculated 
emission
distributions to surface-based and satellite column observations

Evaluation of TM4 driven by LPJ:
• using surface stations and FTIR network
• using SCIAMACHY CH4 :

- regional methane distribution
- seasonality

In addition, CTM modelling provides knowledge on the chemical loss of 
CH4 (mainly by OH) in the troposphere and CH4 transport to the 
stratosphere

Using a global chemistry-transport model to further  
constrain  the global methane budget



Evaluations at 3 tropical sites: Assekrem(23N), Sumat ra(Eq), Mt Kenya
(Eq)

Red: Observations Blue: TM4BQT Green: 

TM4LPJ

Large signs: monthly means



Model evaluation with SCIAMACHY per 
region
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Absolute differences in regional mean column mixing ratios (in 
ppbv)

SCIA = SCIAMACHY observations

TM4BQT = emissions based on surface data inversion (Bousquet, Nature et al., 2006)

TM4LPJ = LPJ CH4 emissions replacing Bousquet wetlands+rice

Year 2004
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August 2004

SCIAMACHY LPJ

SurfaceColumn



Seasonal variations in natural fluxes

Black Total net flux
Red Wet Soils
Blue Wetlands
Purple Northern Peatlands
Green Soil Sink

Tropical 30 – 90 N

Seasonal cycle global natural fluxes
(Tg)

DJF MAM JJA SON
33 35 60 47



Validation of the seasonal cycle per region 
(preliminary results)

DJF 2004
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MAM 2004
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JJA 2004
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SON 2004
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- Underestimations over Asia, Arabia, and N-America in spring and summer

- Overestimations over Europe and N-America in autumn and winter
- Mixed results over Africa, Australia and South-America

- Application of LPJ improves comparisons with SCIAMACHY



Global and seasonal distribution of chemical 
loss

Tropical oceans 45%
Land 32% 
N-Am/EUR/N-Asia:   6%

NH ET  14% 
Tropics [30S,30N]    77%
SH ET  9% 

Seasonal cycle in global loss: 24 
Tg

DJF 109 MAM 114
JJA 133 SON 119

Global cycle caused by NH 
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CTM/LPJ-based annual budget 2004 / 
2003
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* Atmospheric burden increase/decrease
Observed 2003/2004: ±5 ppb/year or ±14 

Tg
=> enhanced tropical emissions in 2003



Declining Methane trend



Methane slowdown since 1980s

Surface network has been shown 
consistent with the assumption of constant 
(emission – loss) since  the1980s

approach to steady state

But….possibly by several compensating effects:

• E anthropogenic ­ (#cows, fossil fuel use)

• E anthropogenic ¯ : (reduced leakages, rice, waste management, …)

• E natural ¯ (aridification / reduced wetland area)

• E natural ­ (temperature, humidity, precipitation)

• Changing lifetime (CO and NOX emissions):

1984                              2007



Bousquet et al, 2006

• Decreasing in 
anthropogenic 

emissions from 1990 –
1999

• Increasing anthropogenic 
emissions after 1999

• A temporal decrease in 
global 

wetland emissions after 
1999

+
prediction for renewed growth 
as wetland emissions would 
recover
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Surface observations 1997 - 2007



Interannual variability in natural methane
fluxes ?

(LPJ model)

By: Renato Spahni, Pru Foster, Rita Wania, Colin Prentice, Univ of Bristol, 2009



Regional changes in CO and NO X ?

Case: 1997/1998 El Nino with enhanced biomass 
burning: GFEDv2: CO + 40%; NOx + 34%

Time series:
GOME/SCIAMACHY tropospheric NO2
MOPITT CO (2000-2008)



Regional changes in CO and NO X ?

Southward shifting NOX emissions

Since 1990 ~5TgN shifted from OECD to non-OECD countries (ref. 
RETRO)

~ 0.7% reduction in CH4 lifetime per TgN shifted
3.5% reduction compensates for ~20 Tg of CH4 emissions relative to 

1990

Explains ~7 ppb of prevented concentration increase since 1990

1997/1998 enhanced biomass burning (based on GFEDv2):
CH4 emissions 10 Tg
CO emissions + 40% CO ­ = > OH ¯
NOx emissions + 34% NOX ­ = > Trop. O3 ­ => OH ­
Reduction in methane loss 3 Tg

Explains  ~ 5 ppb of a step-wise increase in concentrations of CH4



Summary

• Isotopic constraints on the main emission categories (biogenic,
pyrogenic,

and fossil), and the anthropogenic component

• SCIAMACHY 2003-2005 offers a unique data set for detailed 
evaluations

of a CTM driven by a process model like LPJ (HYMN project)

• Emissions and loss distributions:
• Northern emissions likely overestimated (fossil, wetlands)
• Seasonal cycles: natural emissions and chemical loss   

The large tropical loss has a minor seasonal cycle (~ 7 Tg)
• Tropical methane emissions dominate inter-annual variability 

Process models like LPJ can not yet fully reproduce

• Cause(s) of the long-term declining trend as yet unresolved
Southward shift in NOX emissions may have contributed

• Stepwise increases in methane during last ten years


