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1. Abstract
Methane is the second strongest anthropogenic greenhouse gas
and its atmospheric burden has more than doubled since 1850.
Methane concentrations stabilized in the early 2000s and began
increasing again in 2007. Neither the stabilization nor the recent
growth are well understood, as evidenced by multiple competing
hypotheses in recent literature. Here we use a multispecies twobox model inversion to jointly constrain 36 y of methane sources
and sinks, using ground-based measurements of methane, methyl
chloroform, and the C13/C12 ratio in atmospheric methane (δ13CH4)
from 1983 through 2015. We find that the problem, as currently
formulated, is underdetermined and solutions obtained in previous
work are strongly dependent on prior assumptions. Based on our
analysis, the mathematically most likely explanation for the
renewed growth in atmospheric methane, counter intuitively,
involves a 25-Tg/y decrease in methane emissions from 2003 to
2016 that is offset by a 7% decrease in global mean hydroxyl (OH)
concentrations, the primary sink for atmospheric methane, over
the same period. However, we are still able to fit the observations
if we assume that OH concentrations are time invariant (as much
of the previous work has assumed) and we then find solutions that
are largely consistent with other proposed hypotheses for the
renewed growth of atmospheric methane since 2007. We
conclude that the current surface observing system does not allow
unambiguous attribution of the decadal trends in methane without
robust constraints on OH variability, which currently rely purely on
methyl chloroform data and its uncertain emissions estimates.

2. Simple model for methane

3. Most likely solution for decadal trends in atmospheric methane

Most Likely Solution
• Renewed growth involves a 25-Tg/y decline in methane emissions that is offset by a
7% decrease in OH from 2003 to 2016
• Southern hemispheric methane emissions become slightly isotopically lighter
• Renewed growth could be due to OH decline, not necessarily methane emissions

4. Fundamentally different drivers also explain data
Fixed OH

• Montzka et al., Rigby et al., & McNorton et al. find similar OH
• Patra et al. infer a NH/SH OH ratio of 0.97 ± 0.12
• Consistent with previous work looking at global mean OH

6. State vector and prior distribution

Fixed CH4

• Multiple (fundamentally different) drivers can explain the observations
• Problem of attributing methane trends is under-determined

• Hemispheric isotopic compositions lead to differing interpretations
• Assuming OH is fixed will predispose you to a particular subset of solutions

5. Large overlap in isotopic signatures
Fossil-fuel contribution?
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• Jointly estimate the drivers of decadal trends
• Using atmospheric observations of CH4, δ13CH4, and MCF

• Using conservative (non-Gaussian) prior distributions
• Non-linear, stochastic, Bayesian inversion

Schaefer et al., Science
(2016) concluded that fossilfuel methane sources did not
cause the renewed growth in
atmospheric methane
because its isotopic signature
is too heavy. However, fossilfuel sources are not strictly
thermogenic in origin and past
work has measured δ13CH4
that could explain 0% to
100% of the renewed growth
in atmospheric methane since
2007.

7. Conclusions
• Past disagreement is likely due to assumptions made, not data
• Changes in OH are a likely contributor to decadal trends
• These results are only valid if our assumptions are correct
• Need a better mechanistic explanation of potential OH changes
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