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14/11/2022 Review of “A high-resolution satellite-based map of global methane emissions
reveals missing wetland, fossil fuel and monsoon sources” by Yu et al.

This review was prepared as part of graduate program course work at Wageningen
University, and has been produced under supervision of dr. Ingrid Luijkx. The review has
been posted because of its good quality, and likely usefulness to the authors and editor.
This review was not solicited by the journal.

The paper by Yu et, al. entitled  “A high-resolution satellite-based map of global methane
emissions reveals missing wetland, fossil fuel and monsoon sources” presents a
quantification of the 2018-2019 global methane budget, based on space-borne TROPOMI
observations. Methane emissions are derived from the TROPOMI observations by coupling
multiple 4D-Var adjoint inversions with a newly developed spatial downscaling approach.
This enables the identification of previously missing or underestimated methane emissions
from fossil fuel and wetland sources.

This research presents a new downscaling method that is applied to convert the GEOS-
chem model output to a 0.1º × 0.1º resolution, using combined spatial information from
the TROPOMI observations and from the prior estimates. This method enables very
specific allocation of emission hotspots. In the study, OH is used as an additional
constraint in the inversions, as recommended by Saunois et al. (2020). This advances
previous studies, which often co-optimized methane sources and sinks by using methane
data alone. The results section of the manuscript is well-written and discusses all the
source areas in-depth, also suggesting possible underlying reasons for the found
underestimations in prior inventories. The research reveals some interesting results
regarding emission hotspots that were missing from prior inventories. That being said, I
do have some remarks that could be addressed before publication.

1) If I understand it correctly, the aim of the research is to quantify the 2018-2019 global
methane budget and determine missing and underrepresented emission sources.
However, the authors mainly present how much the prior estimates are underestimated
compared to their findings, making the results section an evaluation of their one specific
chosen set of prior inventories. This approach results in a high dependency of the research
on the choice of the specific prior estimates. If other prior inventories were chosen, the
underestimations and hotspots that the research now revealed would likely be very
different, because for instance, as was pointed out in the introduction, two of the most



commonly used anthropogenic emission inventories (EDGAR v5 and GEPA) are
uncorrelated at a 0.1º x 0.1º resolution. To overcome this issue, I would suggest to shift
the focus of the results section from the discrepancies in the specific prior to the obtained
absolute values of the methane budget. A good addition would then be a comparison of
these results to independent measurements, such as the ObsPack or TCCON observations,
or a comparison to other studies that also use inverse models to characterize the methane
budget, such as Saunois et al. (2020).

2) The authors take an ensemble mean of the 4 different inversion formalisms to calculate
the emission corrections, while their previous research showed that some of them perform
better for different purposes (Yu et al., 2021a). The different allocation of emission
hotspots that are found through the different inversions are already nicely discussed in the
results section, but the emission corrections are subsequently still calculated as the multi-
model mean. I would like to see a more in-depth discussion of why the authors chose this
approach, and why for instance the classical SF inversion is not left out here, since it is
highly biased towards areas where the prior estimates of the emissions are high, and
therefore likely makes the calculated underestimations of the prior estimates too small (Yu
et al., 2021a). The BI inversion approach provides the best spatial distribution of all
inverse approaches, while the EE inversion performs best in recovering large missing
sources (Yu et al., 2021a). In the calculations of the hotspot emissions that are missing
from the prior inventories, it is therefore probably better to use the EE inversion instead of
the ensemble mean. Table S1 could also be used in this discussion, since it summarizes
the performance of the different inversion formalisms, while the statistics presented here
are currently not used in the text.

3) The section of the development of the novel downscaling method could be more
extensive. Since a new method is presented here, it’s very important that it is well-
described. First of all, I would like to see the argumentation on why there was a need for a
new downscaling method, and why previous downscaling methods were not suitable. M.
Yu et al. (2021b) could be consulted, who present a nice review section of related work on
spatial interpolation and downscaling of airborne pollutants. Also, since the downscaling
method is presented as novel, a proper evaluation of its accuracy is very important. I
therefore wonder why the authors chose to perform the OSSE only for one area, for the
duration of one month and at a resolution of 0.25º x 0.3125º, and subsequently chose to
use a  0.1º x 0.1º resolution in their further research based on this OSSE. The
representativeness of this one OSSE for the whole research should be better discussed
and possibly expanded, since the validity of the research is dependent on this outcome.

4) After the results section, I would suggest to include a section where the uncertainties in
both the TROPOMI data and the prior estimates is discussed, since the research is very
dependent on both, and therefore also dependent on errors in the data. Also, the methods
could be further discussed in this section, such as implications of the downscaling of the
optimized emissions, and the use of the different inversion formalisms.

5) In my view, the knowledge gap could be further specified in the introduction. The novel
aspect of the methods is already highlighted well by stressing the importance of including
OH constraints, which many previous studies did not include. However, a section on prior
knowledge about hotspots and emission sources that are often underrepresented in prior
estimates is missing, including how the research is still of added value to this. Hu et al.
(2018), who used TROPOMI to map methane column concentrations for instance also
observed the underestimated hotspot of the Sudd wetlands and Venezuela. Lu et al.
(2021) performed an inversion study using GOSAT data and also revealed missing spots in
observational data, but on a far coarser resolution than this study. I suppose that the
authors mainly add to this because of the far higher resolution of the TROPOMI data they
use, combined with the downscaling method, making it easier to pinpoint emissions to
more specific locations.



6) The authors nicely present the main underrepresented sources and missing hotspots in
the conclusion, but a section with the further implications of these findings is missing. In
the last section of the conclusion, some recommendations for future research are given
(lines 561-564), but the statements include no references confirming that the addition of
datasets of CO, methyl chloroform and formaldehyde would indeed improve future
inversions. Also, the novel downscaling method is not mentioned in the conclusion, while
this method is probably also relevant for further research.

Minor comments

Title: The current title is appealing because it directly mentions the new findings, but in
my view, it does not cover the whole scope and innovative aspect of the research. I would
consider changing the title to something like:  "A high-resolution global map of methane
emissions inferred from an inversion of TROPOMI satellite data reveals missing emission
hotspots and previously underestimated sources."

Line 46: For a better overview of the previous research, I would elaborate here on what
the conflicting reasons are for methane increase apart from the emission increase over
tropical regions, such as an increase in emissions in the energy sector, an increase in
wetland emissions, and a decrease in mean OH (McNorton et al., 2018).

Line 89: Please include the Sentinel-5 precursor/TROPOMI Level 2 Product User Manual
Methane as a reference for requiring quality filter > 0.5: https://sentinel.esa.int/document
s/247904/2474726/Sentinel-5P-Level-2-Product-User-Manual-
Methane.pdf/1808f165-0486-4840-ac1d-06194238fa96

Line 96: Apart from mentioning the slope, please report the R2 as well here as a measure
for agreement (R2 = 0.67).

Line 117 - 128: Please elaborate on why these specific prior estimates are chosen, and
perhaps also elaborate on how these datasets are constructed (by
models/measurements)?

Line 118: Why did the authors chose to use the UNFCCC inventory from 2016? The new
version from 2019 might be more representative for the study period.

Line 153: Please give a reference or explain why 50% uncertainty in the remaining
sources is chosen.

Line 162: It would be good to explain here how the OH sensitivity study is exactly
performed, and specifically state where in the formula of the cost function the different
uncertainties are used.

Line 187: I wonder why the authors chose the values of 10% and 90% for the weight of
the prior and the background respectively. Yu et al. (2021a) used 50% and 50% in their
example of this background increment inversion formalism. Is this determined with
sensitivity simulations similar as in the OG inversions? Please explain.

Line 271: “Our 2019-2018 … growth rate acceleration”: please elaborate on the
implications of this statement on the findings that are presented in this paragraph.

Line 314: Could the authors further explain here why the locations in the boxes of figure
2b were chosen for the analysis? This is probably because TROPOMI observations differ
from the prior estimates in these areas. But when looking at the map, I see that this is for
instance also the case for northern Italy and the Southeast US. Why are these areas not
discussed?



Line 317: If I understand it correctly, the average yearly source and sink values for the
years 2018-2019 that are presented here are not based on two full yearly cycles. The
timeframe of the analysis only spans from 05/2018 - 10/2019. However, figure 4 indicates
that the sources and sinks show seasonal variation. To retrieve yearly average values for
the sources and sinks, these values can’t be just averaged over a 1.5 yearly cycle. I would
recommend to take these average values over one full yearly cycle, for instance from
10/2018-10/2019.

Line 412: I would move the explanation of figure 5c to line 396, since that is where the
figure is first mentioned.

Line 442: Since these missing hotspots are one of the main outcomes of the research, the
authors could consider to give their more exact locations, instead of only mentioning the
countries.

Line 447: I wonder how the hotspots can be missing in the UNFCCC inventory and show
up in the EIA, since it seems like the UNFCCC is based on the national activity data from
the EIA (Scarpelli et al., 2020). Is this because the authors used the UNFCCC data from
2016, and these activities were maybe still unknown at that time? Please explain this
here, or as I mentioned before, consider using the updated UNFCCC inventory from 2019.

Figure 4: Please consider to make figure 4a-d larger, since the dots are very hard to see.
Figure 4e is currently not referred to in the text. Also, I wonder why only the FixOH
emission is shown here, and not the loss. I would either remove the fixOH emission from
this plot, or include the loss as well.

Figure 5: Figure 5a and 5c show information from previous research, while figure 5b
shows main findings of the research. I would therefore suggest to make figure 5b a
separate figure.

Figure S9: In my opinion, this figure could also be included in the main text, since it
shows well how the outcomes of the four inversion formalism differ, and how the inversion
ensemble is constructed.

Specific comments

Line 17: Please remove “CO” here, since CO is not used as a constraint.

Line 43: “the importance of” can be left out here.

Line 229: Write abbreviation of OSSE out in full.

Line 335: The total emissions of China mentioned here (60 Tg/y) is different from the
number in table S2 (61 Tg/y). Please make this consistent.

Line 342: “Europe Union” > “European Union”.

Table 2: “Russian” > “Russia”.
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