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The Methane Puzzle
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Why study methane?

« ~50% Anthropogenic/ * 0.48Wm-2(~20%) of total radiative
~50% Natural forcing by long-lived GHGs

« Lifetime ~9 years * Pre-industrial 722 - now 1840 ppb
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Cause of change : Sources and Sinks
CH, Sources (2000-2009)
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Cause of change : Possibilities

1) Change in Anthropogenic Emissions
Emissions continued to rise between 1999 and 2006 (Olivier
et al. 2005)

2) Change in Natural Emissions
Wetland emissions showed only a small decrease between
1999 and 2006 (McNorton et al. 2016)

3) Change in Atmospheric Conditions
Increase in atmospheric loss rate between 1999-2006.
« Transport from source to loss regions.
« Atmospheric temperature.
 Sink chemical concentrations, in particular OH (~90% of
the total loss).



Deriving OH
* Global mean OH concentrations and trends are difficult to

derive using local direct measurements.

* Indirect techniques using OH-oxidised trace gases can be
used for global OH concentrations.

* We used CH,CCl; to derive global OH anomalies between
1997-20009.
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Deriving OH

One-box-model

Simple atmosphere to calculate
emissions/OH based on observations.

~(Xerac — X)) =E—L=E — k[OH][X]

Inversion constrained by surface
CH;CCl; measurements.

*Non-OH sinks are not considered (transport to stratosphere and ocean uptake).
*CH;CClL; observations assumed to represent global concentrations.
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Testing derived OH on CH, in a global
chemical transport model (CTM), TOMCAT

Offline 6-hourly
meteorology (ECMWF » Uses annually repeating OH

ERA-Interim). field (Spivakovsky et al.2000)
. 60 o-p levels from which has interannual
surface ~60km. anomalies applied .
« Simulation from 1993- « Constant emissions
2011 with 10-day and (553 Tg/yr).

monthly output.

 Horizontal resolution
2.8° by 2.8°.



Results from TOMCAT simulation
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Conclusions

One-box model anomalies of CH3CCl3-derived [OH], negatively
correlated with CH, growth (R = -0.32 (NOAA) and -0.64 (AGAGE)).

CH,CCl,

CTM shows derived [OH] provides better CH;CCl; correlation with
observations (R = 0.71 - 0.90) compared with repeating [OH] (R = 0.65).

Box-model derived [OH] used in CTM accurately predict the CH;CCl,
decay rate anomaly at individual stations.

CH,

CH, emissions required during the ‘hiatus’ (1999-2006) are higher
(549.7-553.8 Tg/yr) with varying [OH] than without (546.2-548.4 Tg/yr).

CH, growth correlation between model and observations increases when
box-model derived global [OH] is used (R = 0.58-0.65 v 0.32).
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