
Dear Editor, 

We have uploaded point-by-point responses to all three reviewers in the public discussion section of the 
manuscript. The reviews of Reviewer #2 (R2) and Dr. Manning were overwhelmingly positive, and we are 
glad that they consider our effort a progress in the field. Reviewer #1 (R1) recommended major revisions; 
however, in going through their comments, we did not really see that significant revisions were necessary 
– in the form of additional model runs or additional analysis – to respond to the comments and concerns. 
As far as we could understand, R1 had two major concerns, (1) our construction of the prior and prior 
uncertainty, and (2) the role of OH in explaining the post-2007 CH₄ growth. 

Construction of prior: The reviewer is concerned by our approach of balancing the prior to follow the 
atmospheric growth rate of CH₄. This is standard practice for long-lived greenhouse gases, especially for 
long inversions where an unbalanced prior can lead farther and farther from the truth (Houweling et al., 
2017; Chevallier et al., 2010; Weir et al., 2021; Patra et al., 2011). The concern about using the data twice in 
an inversion is (in our opinion) a red herring that may be true in theory but irrelevant in practice. As we 
have illustrated in Figure 1 (also included in response to R1), we could have balanced the prior using just 
the growth rate inferred from CH₄ flask samples at Mauna Loa (not assimilated in our inversion, red 
squares) and obtained almost identical prior flux totals as we currently have from using the marine 
boundary layer (MBL) growth rate (blue circles). To run the numbers, let us pick the maximum difference 
between the red and blue points in any year in Figure 1, ~4 ppb/year, which translates to ~10 Tg CH₄/year. 
So if we had used the Mauna Loa-based growth rate to construct our prior, it would have been different 
from our current prior by not more than 10 Tg/year. According to Table 4 in our manuscript, the 1σ prior 
uncertainty on our global total is 40 Tg/year, significantly larger than this difference. Also according to 
Table 4, the posterior 1σ uncertainty is 2 Tg/year, denoting an uncertainty reduction of 95%. Given this 
tight constraint on the global growth rate imposed by the data, and the generous prior uncertainty 
(compared to the 10 Tg/year potential difference between Mauna Loa-based and MBL-based growth 
rates), we cannot imagine how our results would have been any different had we used a Mauna Loa-based 
growth estimate to balance prior fluxes instead of the MBL-based estimate. 

R1 also raises the concern that our 1σ prior uncertainty of 40 Tg/year is smaller than the gap of 160 Tg/year 
between the top-down and bottom-up estimates of the Global Carbon Project (GCP; Saunois et al (2020)). 
This is, frankly, a confusing comment since the two numbers are not supposed to be related in a Bayesian 
inversion. The 160 Tg/year gap reported by Saunois 
et al (2020) is a bias. The prior uncertainty in a 
Bayesian inversion is not supposed to reflect the 
size of a bias, it is supposed to reflect the covariance 
of (prior – truth), assuming that the prior, or more 
accurately, the ensemble of all priors, is unbiased. 
This is also why we have used the atmospheric 
growth rate to balance the prior, since otherwise we 
would be starting from a biased prior. And finally, 
we note that a 1σ uncertainty of 40 Tg/year implies 
that 95% of all possible priors lie within a range of 
160 Tg/year. So even if we wanted to specify a prior 
uncertainty to encompass the GCP-reported bias – 
which is not required mathematically – 40 Tg/year 
(1σ) is not unreasonably small. 

OH variability: We are aware that variations in 
atmospheric methane can be caused either by 
changes in the source or the sink, and separating 

 
Figure 1 Annual atmospheric CH₄ growth rate 
calculated from (blue) marine boundary layer 
samples and (red) daytime flask samples collected at 
Mauna Loa, Hawaii. The red dashed lines represent 
five-year average growth rates from either. 

 



the two has been a long standing problem in methane studies. Several previous top-down studies have 
attributed part or all of the post-2006 CH₄ growth to a negative trend in atmospheric OH (Rigby et al., 
2017; Turner et al., 2017; Worden et al., 2017; McNorton et al., 2018). However, none of those studies have 
presented a mechanistic understanding or hypothesis on why OH should have a sustained negative trend 
over 15 years. In fact, studies based on our best knowledge of atmospheric chemistry and recorded 
meteorology over those 15 years have concluded that such a sustained trend is highly unlikely (Nicely et 
al., 2018; Anderson et al., 2021). 

Another point to note here is that a CH₄ growth based on a reduction of OH cannot explain the downward 
trend in atmospheric OH. The relationship between the emission-weighted source signature δₛ and the 
atmospheric isotope ratio δₐ at steady state (when sources and sinks are balanced) is δₛ = αδₐ	– ε, where 
α = k₁₂/k₁₃ > 1 is the ratio of oxidation rates of ¹²CH₄ and ¹³CH₄, and ε = 1000×(α–1) > 0 (Miller, 2004). 
Notably, this relationship does not depend on the total sink magnitude. So if OH were the only sink of 
CH₄, a reduction in OH would not explain a downward trend in δ¹³CH₄. In fact, OH is not the only sink 
of CH₄. While is the largest sink, it is also the sink that discriminates the least (has the smallest α). 
Therefore, a reduction in OH without changing the other sinks would increase the sink-weighted α, which 
would also increase ε, and thereby increase δₐ given the same sources. We have already demonstrated this 
in an earlier publication (Lan et al., 2021). We do not claim that OH variations cannot have a role in the 
interannual variability of CH₄, we know it must. We are only saying, after careful consideration and based 
on atmospheric chemistry studies and isotope mass balance, that a negative trend in OH is highly unlikely 
to be an important driver behind the post-2007 CH₄ growth. Therefore, an assessment of the current work 
that we are taking a “too easy” way out is, in our opinion, a criticism that is too easy to level and one that 
ignores the difficulties with an OH-driven explanation for 15+ years of methane growth. 

We have attached a “difference” PDF between our original manuscript and the revised manuscript, where 
deletions are struck out (underlined in math mode) in red and additions are underlined in blue. However, 
tracking differences is not without flaws, so in case the additions and changes are not clear please refer to 
the revised manuscript. Here we list the most significant changes in order in which they appear in the 
manuscript. Line numbers, where given, refer to line numbers in the revised manuscript. 

1. Equation (1): R1 expressed concern that calling L the “inverse lifetime” might confuse some readers into 
thinking that it was the lifetime, when in fact it was the loss rate. We have reworded the description to 
say “loss rate or inverse lifetime”. 

2. Mathematical fonts have been changed in equations (1), (2) and (3) to make them consistent throughout 
the text. The contents have not been changed. 

3. Line 106: In response to R2, we have described x as “the set of all Fs of §2.1”. 
4. Line 142: In response to R2, we have fixed the citation. Wild animal emissions are taken from Houweling 

et al (1999) and termite emissions are from Sanderson (1996). 
5. R2 expressed interest in knowing the numbers for a different definition of the Tropics often used in the 

methane literature, namely the band between 30°S and 30°N. We did not change the nomenclature in 
the manuscript at this stage since that might have introduced internal inconsistencies. However, we 
understand R2’s motivation. We have therefore included emission estimates for three additional 
latitude bands (south of 30°S, 30°S to 30°N, north of 30°N) in Table 4, and included a “change in 
emissions” panel for 30°S-30°N in Figure 11, which we think are the two key places where an alternate 
definition of the Tropics becomes relevant. 

6. Table 4 is supposed to summarize the numbers behind Figure 7. However, in the original manuscript, 
we made a few mistakes copying numbers by hand from our model runs to the table. We have fixed 
those mistakes. The numbers in Table 4 are now consistent with what is displayed in Figure 7. 



7. Figure 8: Following recommendation from R1, we have added an explanation in the figure caption for 
why a smaller chlorine sink and a stronger OH fractionation result in opposing shifts in the fossil vs 
microbial split. 

8. Line 406: Following the recommendation of R1, we have replaced “suggests” with stronger wording. 
9. Figures 12 and 13 in the original manuscript were very similar. They have now been combined into a 

three-panel figure 12. 
10. “Comparison to the GCP methane budget” has been removed from the Results section to §4.2. 
11. All three reviewers wanted a reworking of the conclusions and discussion section. Accordingly, §4 is 

now called “Conclusions and discussion”, with an enumerated list of conclusions from our work in §4.1. 
Section 4.2 now presents a comparison of our work to the GCP methane budget, while sections 4.3 to 
4.5 present comparisons between our work and some other recent top-down studies involving δ¹³CH₄ 
data. Finally, in response to R2, we have created §4.7 with a summary of future needs for better utilizing 
atmospheric δ¹³CH₄ measurements that go beyond our future plans. 

The above is a summary of the most important changes to our manuscript. Please refer to the (separately 
uploaded) public responses to the reviewers for point-by-point responses to their comments. 

We hope that we have been able to address all reviewer concerns to your satisfaction. We look forward to 
the publication of our work in Atmospheric Chemistry and Physics in the near future. 

Regards, 

Sourish Basu and co-authors 
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