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General
The authors estimate European methane emissions based on surface (ICOS) and satellite (TROPOMI) 

observations. They obtain interesting new results that fit well in the scope of ACP and should to 

be published. The paper is well structured and presented. However, a few major issues should be 

addressed.

A. The description of the method is very similar to an earlier publication. The authors should make 

more transparent what is new in their work and what has been published before (see comment 1 

below).

B. The description of the method lacks some details that are important for the interpretation of the 

results (see comments 3–11 below).

C. The discussion should be extended and address possible weaknesses of the method. Ideally, I would 

expect the discussion to answer the following questions:

a. What are the most relevant approximations made in the method?

b. What are other possible weaknesses and sources of uncertainties (if any)?

c. How can these approximations and weaknesses affect the results?

d. Is the expected impact (of approximations and weaknesses) on the results larger or smaller than 

the posterior uncertainties?

The latter two questions can be very difficult to answer and should be considered optional. But the 

authors should at least identify and describe the most crucial approximations made in their work.

These questions can already be addressed in the description of the method (Section  2). But if 

the authors identify any possible biases or approximations that may affect the results beyond 

the posterior uncertainties, this should also be mentioned in the discussion of the results. This 

discussion could then be included in Section 5 (see comment 15 below).

Specific comments

Section 2

1. The whole method seems very similar to Zhang et al. (2022) (citations as in the paper). The authors 

should make transparent what is new in their work and where they closely follow earlier publica

tions. If the same method has been published before for different observation data and a different 

target region, this must be clearly stated at the beginning of the method section.

Section 2.2

2. The authors apparently exclude mountain sites from the observation dataset (JFJ, ZSF, PRS, and 

CMN). This should be mentioned in the text and I recommend to briefly comment why this selection 

was made.

Section 2.3

To me, the description of the prior left a few questions open that should be answered in the paper:

3. To my knowledge, EDGAR v8 does not cover the year 2023. Which dataset was used instead for 

2023?

4. What is the temporal resolution of the prior emissions? If the authors used yearly averaged values 

for emissions with strong time dependence (such as wetlands or biomass burning), then this should 

be mentioned as a possible limitation of the method. If they use monthly or higher resolved values, 

they should mention the seasonal cycle.

5. The authors refer to Maasakkers et al. (2019) for geological emissions. Does this mean that prior 

geological emissions were constructed using the same procedure as described by Maasakkers et al.? 
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In this case the authors might consider citing also the original data sources. Or is the posterior from 

Maasakkers et al. used? In any case, the formulation should be adjusted for clarity.

6. Figure 3 shows the prior emissions, but it seems like geological and biomass burning emissions are 

missing. Please make sure that all prior emissions are provided in Figure 3 (and in Table S1, see 

below).

Section 2.4

7. The procedure for obtaining initial and boundary conditions remains unclear to me:

7.1. What is the setup for the global simulation? Are the global and regional simulation online 

coupled or are these separate simulations? What are the initial conditions and the spin-up time 

of the global simulation?

7.2. The bias correction (mentioned in line 135) remains unclear to me. Which observations were 

selected? How was the bias correction computed? At which scales (temporal, horizontal and 

vertical) does the bias correction vary?

7.3. An explanation of the bias correction could make use of Figure S4. Does the bias correction 

also use satellite observations above the ocean as shown in Figure S4? This point should be 

clarified in the caption of Figure S4 or in the explanation of the bias correction.

8. I did not see a citation of the IAGOS-CARIBIC dataset. Citing one version of the dataset could help 

understanding and reproducing the results.

Section 2.5

9. The definition of the spatial clusters (state space) is important for the a priori uncertainties and 

for the interpretation of Figure 5. I therefore suggest to include Figure S1 directly in the paper.

10. The description of constructing 𝑆𝑂 in the supplement appears inconsistent with the main text. 

Apparently, 𝑆𝑂 in the supplement is equivalent to the full error covariance matrix 𝑺′
𝑶 in Zhang 

et al. (2022) and not the same as 𝑺𝑶 in the main text. This should be clarified and the notation 

should be chosen such that the non-diagonal matrix 𝑺′
𝑶 = 𝚺𝑪𝚺 and its diagonal approximation 

𝑺𝑶 are clearly distinguished.

11. The assumed uncertainties in 𝑺𝑶 are a key parameter that should be provided and (briefly) 

discussed. Following the notation of Zhang et al. (2022), these are the standard deviations σ of 

individual observations (satellite and ground-based) and the regularization parameter γ. These 

parameters are crucial for understanding the results presented in Section 3. What assumptions 

were made on error correlation of satellite and ground-based observations? How were model 

uncertainties taken into account?

12. Just a suggestion: Since Subsection 2.5 is quite long, the authors could consider splitting it at 

line 187 to have an own subsection (2.6) for the evaluation of the inversion.

13. lines 191–195: The authors argue that the sharp vertical concentration gradient observed in the 

IAGOS data in Germany indicates an upwards adjustment of the emissions. But it seems to me 

that the analysis shown in Figure  S7 is prone to high uncertainties and model errors. Many 

IAGOS observations are likely very close to urban areas and cover various atmospheric conditions. 

Moreover, the inversion does not show an upwards correction in the area where most IAGOS 

airplanes start and land (Frankfurt airport). I therefore think that such an argument requires a 

more detailed discussion or a clear statement on its limitations.

Section 3

This section is clear and well structured, but see comment 11 above.

Section 4

14. The construction of the prior uncertainties makes it difficult for the reader to estimate these 

uncertainties on a country level. The authors should therefore provide the prior uncertainties to 
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help interpreting the results. This can be done by including prior uncertainties in Figures 6, 7a, 9, 

and 10.

15. When providing posterior estimates for sectors, it should be clearly stated how the posterior sector 

attribution is done. This is only indicated in line 262, but required (approximately) in line 227.

Section 5

16. Section 5 contains a comparison of the results to other works. This discussion could be extended 

to mention possible limitations of the method. (See general remark C above)

17. Line 264–265: Chen et al. (2025) found on average 27% higher whole-farm emissions compared to 

the Dutch National Inventory, but this number has a very large uncertainty. The authors could 

mention this high uncertainty to avoid any wrong interpretation.

Figure 9

18. The comparison of Figure 9 and Table S1 indicates that Figure 9 shows only results for 2023. This 

should be corrected in the caption.

19. Since Figure 9 compares to results by Worden et al. and Bruch et al. for 2019 and 2021, why not 

show results for 2021 instead of 2023? This would be more consistent. When mixing results for 

different years in the same figure, this should be made clear in the figure caption.

(If the authors prefer to compare their results for 2023 to other works, they could have a look 

at https://doi.org/10.18160/GR1Q-6SK4 and https://doi.org/10.5281/zenodo.20429764. UNFCCC 

reported emissions are now also available for 2023: https://unfccc.int/ghg-inventories-annex-i-

parties/2026.)

20. The data from Bruch et al. are total fluxes (anthropogenic plus natural) for 2021 with error bars 

for the 95% confidence interval (two standard deviations). This is not correctly described by the 

caption.

21. For a precise reference to the UNFCCC data used in Figure 9, the authors should state the submis

sion year of the reporting to the UNFCCC. (I assume that “UNFCCC 2021” means data reported 

for the year 2021 and not reported in the year 2021.)

Figure 10

22. It should be mentioned explicitly in the figure caption that these results are for the year 2023.

Section 6

23. lines 323–324: The authors speculate that agriculture emissions in parts of western and central 

Europe might have a positive trend. It surprises me that they cite Bruch et al. (2025) and Mengistu 

et al. (2026) in this context. While both studies do see elevated agriculture emissions compared to 

the national inventories, they do not show or discuss such positive trends. (Mengistu et al. see a 

stagnation of agriculture emissions and Bruch et al. only show a single year.)

Supplement

24. The supplement seems unstructured. I recommend to add sections in the supplement that follow 

the structure of the paper:

1. Bias correction with Figure S4: As mentioned in comment 7.2 above, I would like to see an 

explanation of the bias correction. This could be part of the supplement or of the main text.

2. State space with Figure S1: This could be included in the main text, see comment 9 above.

3. Observation error covariance matrix 𝑺𝑶 with Figures S2 and S3

4. Cross-validation exercise with Figures S5, S6, S8

5. Vertical gradient comparison to IAGOS-CARIBIC (Figure S7)
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Table S1

25. The geological emissions are missing in the table.

26. For many countries, the total emissions are lower than the sum of the sector emissions without 

geological emissions. Please explain this.

The following comments are just suggestions for improvement:

27. For convenience and to avoid misunderstandings, I would always provide some metadata (e.g. 

units) in such a table.

28. When providing such a table of the results, it would be helpful to include also prior and posterior 

uncertainties (at least for the total emissions).

Minor and technical remarks
29. There is a small inconsistency in the spelling: “western Europe” or “Western Europe”

30. line 47: Please check if there is a comma missing.

31. line 91: “in” doubled

32. line 97: “flagged as” doubled

33. line 120: possibly missing word: “… coal production is in …”

34. line 121: “…, are is typically associated …”

35. line 185 should be 𝑺𝐜𝐨𝐮𝐧𝐭𝐫𝐲 = 𝑾𝑺𝑾 𝑇  (transpose is missing)

36. line 186 should be 𝑨̂𝐜𝐨𝐮𝐧𝐭𝐫𝐲 = 𝑰 −𝑾𝑺𝑾 𝑇(𝑾𝑺𝒂𝑾
𝑇) (transpose is missing)

37. line 239: the notation “𝑝 = …” should be explained.

38. end of line 240–241: “posterior:” should probably be put in the first parenthesis.

39. Figure 3: When using an unevenly spaced colormap, I would prefer to have all tick labels (numbers) 

given explicitly. There are gaps between 0.05 and 0.5; 2.0 and 5.0; …

40. Supplement: My personal recommendation would be to provide a PDF document instead of docx, 

but I leave it for the authors to decide on the file format.
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