Anonymous review for Riddick et al., “Estimating the size of a methane emission point-source
at different scales: from local to landscape”

General Comments:

This paper presents estimates of methane emissions from Waterbeach waste management
park in the United Kingdom. It uses observations taken at three different scales: “near-source”
(< 1km), “middle-distance” (1-7km), and “landscape” (7-70km), with emissions estimation
methods specialized for each scale. At the near-source scale, the authors used the inversion
function of the WindTrax atmospheric dispersion model driven by measured meteorology and
observations from a single portable laser absorption spectrometer made over 2 days. At the
middle-distance scale, the authors used a Gaussian plume model driven by meteorological
fields from the NAME model and observations from a GC-FID at a single site made through
2012, 2013, and 2014. At the landscape scale, the authors used the INTEM inverse modelling
framework driven by meteorological fields from the NAME model and observations from a GC-
FID from 4 sites made through 2012, 2013, and 2014, including the site used at the middle-
distance scale. The authors show isotopic evidence that sharp enhancements in the middle-
distance site are due to the Waterbeach waste management park. They find agreement
between the estimates at the near-source and middle-distance scale, and claim to be able to
independently identify the source in the landscape scale.

| found the near-source and middle-distance scale analyses convincing. The agreement
between methods used at near-source and middle distance scales, along with the isotopic
evidence, gives a quantitative link between the methods and justifies the extension of the
middle-distance analysis through the period 2012-2014. | found the extension to the landscape
scale problematic on a few levels. | also think that more detail should be given on the
methodology in a few places.

Specific Comments

Main Issue:

In the abstract, the authors write: “We suggest the landscape inverse modeling approach
described in this paper is in good agreement with more labour-intensive near-source
approaches and can be used to identify point-sources within an emission landscape to provide
high quality emission estimates”. If this result holds, it would be highly impactful. However, |
am not convinced that sufficient evidence is given in this paper to support it.

To understand the problem, we need to understand the flow of information thought the
analysis. The near-source analysis gives a direct quantification of the source over a short period.
The middle-distance analysis works under the assumption that the highest frequency variations
in the observations at Haddenham Church are due to emissions from the Waterbeach waste
management park. This assumption is justified by (1) the isotopic analysis, and (2) the
agreement with the near-source analysis. The middle-distance analysis can then quantify



temporally resolved emissions from the Waterbeach waste management park for 2012-2014.
The landscape analysis is then performed to see if these observations can be used to quantify
the emissions for 2012-2014. But Haddenham Church is included in the landscape analysis, and
there is no evidence given that the other 3 sites have signals from the Waterbeach waste
management park. From an information content perspective, the landscape analysis is
essentially a repeat of the middle-distance analysis, albeit with a more sophisticated transport
model and 3 additional redundant sites.

To be convinced that the additional sites are not redundant, | would need to see (1) maps of
their influence functions, showing significant overlap with the Waterbeach waste management
park (2) time-series plots of their posterior enhancements due to the Waterbeach waste
management park, and (3) estimates of the uncertainty in

Furthermore, such an experiment does not show that “the landscape inverse modeling
approach... can be used to identify point-sources within an emission landscape to provide high
quality emission estimates”. This result should be shown using an observation system
simulation experiment (OSSE). Such an experiment would be conducted as follows:

1) Assume the locations of the observation sites and a transport model
(e.g., the East Anglia network and the NAME model for this case)

2) Assume an known target emission source, and simulate the observations.

3) Using the inversion system (INTEM for this case), compute a posterior estimate of the
target emissions with an uncertainty estimate.

4) Evaluate the observation system’s ability to retrieve the target emissions.

The paper does not describe any regularization of the solution (e.g., a prior emission estimate,
geostatistical auxiliary variables, or Tikhonov regularization). The implication is that
regularization is implicitly provided by the assumption that high frequency variations at
Haddenham church are due to emissions at the Waterbeach waste management park, and the
location of the Waterbeach waste management park is known. In the absence of either of these
assumptions, the problem would be under-constrained to the point where a point source
would be impossible to find. The OSSE would surely show this. The assumptions are well
justified for the specific example, but not widely generalizable.

Other Issues:

| would suggest that the authors are left with two avenues of recourse. (1) They could repeal
the claim on the power of the landscape inversion. This would leave a very nice paper focused
on the emissions from the Waterbeach waste management park, and | would happily support
its publication (with the other, smaller concerns in this review addressed). (2) They could
conduct a well-designed OSSE, testing their claim vigorously and assuaging my concerns
directly.



The introduction gives a very good discussion of methane emissions from landfills, but not an
adequate discussion of the issues surrounding the degree to which point sources can be
resolved by atmospheric measurements at different scales (i.e., near-source, middle-distance,
and landscape).

In section 2.3.3: Why was a Gaussian plume model used for the middle-distance analysis when
NAME LPDM particle trajectories were available for Haddenham Church (and were used in the
landscape analysis)?

Is auto-correlation of error accounted for in the uncertainty analyses? Can the uncertainties be
evaluated somehow (reduced chi-square statistic, cross-validation)?

| would appreciate if the paper included the following details on the methodology:

- On page 5, line 4; the authors state that “Methane emissions are calculated using
measured CH4 mixing ratio enhancement downwind, measured background CH4 mixing
ratios upwind and the simulated ratio of CH4 mixing ratio enhancement to emission.”
There was no information given about the methodology used to measure and calculate
the background mixing ratio. Please give the details on the methodology, show the data,
and demonstrate that this is a valid representation of the background. Systematic errors
in the background have a direct effect on the emissions estimate, so this is a critical
aspect of the model.

- Page9, line 14: “A statistical filtering technique separated methane mixing ratios at
each site into eight-time series...”. Please give a description of the technique and a
citation if applicable. Also, remove the hyphen on “eight-time”.

- Please provide the following inversion diagnostics to demonstrate that the assumptions
implicit in the inversion framework are satisfied (These could be contained in
supplementary material):

o Scatterplots of posterior enhancements vs. observed enhancements.

o Scatterplots of residuals vs. fitted values, demonstrating homoscedasticity.

o Time-series of observations, background values, and posterior enhancements.

o Time-series of residuals, demonstrating that they do not drift
(especially for the landscape scale, where emissions are not temporally resolved,
even though a seasonal cycle is demonstrated in the middle-distance analysis).

o The reduced chi-squared statistic, demonstrating well-quantified uncertainties.



Technical Corrections

Page 1, line 17: “Landfill emissions have been estimated using three different approaches
(WindTrax, Gaussian plume, and NAME InTEM inversion) applied to the measurements made
close to the source and at Haddenham.” This sentence is confusing because it does not
accurately represent the scale of each method, and because it leaves out any mention of the
greater East Anglia Network. Please rephrase.

Page 1, line 21: “The estimated annual emissions vary between 11.6 and 13.7 Gg CH4 / yr.” It is
not initially clear to the reader if this is an uncertainty bounds or temporal variability. Please
rephrase.

Page 3, line 22: “This presents methane...” Should this be “this paper”?
Page 5, line 4: “Methane emissions are calculated using measured CH4 mixing ratio

enhancement downwind, measured background CH4 mixing ratios upwind and...” please
remove the first instance of the word “enhancement”, as it is redundant in this context.



