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Responses to Anonymous Reviewers #2
(Note: Reviewer’s comment is written in black fonts, authors responses are written in blue fonts.)

General Comments

The authors included 3 satellite-based datasets for XCO2 (NIES GOSAT, ACOS GOSAT, and
ACOS 0CO2), but only one for XCH4 (NIES XCH4). I think the XCO2 comparison is great and
useful. However, almost no one that I know of uses NIES XCH4 retrievals from GOSAT for
scientific studies. Almost EVERYONE uses either the University of Leicester Proxy GOSAT
XCH4 product (https://essd.copernicus.org/articles/12/3383/2020/), or one of several available
TROPOMI XCH4 products. This document would be MUCH more useful if it included one or both
of those XCH4 products in the validation section.

Reply: We sincerely thank Reviewer #2 for drawing our attention to the University of Leicester
Proxy GOSAT XCHa product. We acknowledge that this widely used dataset was inadvertently
omitted from our original manuscript. In response to the reviewer’s suggestion, we are now
including a comparison using the University of Leicester Proxy GOSAT XCHa product in the
revised manuscript. We believe this addition enhances the relevance and usefulness of our analysis
for the broader community.

Regarding the use of TROPOMI XCHa products, we note that our ground-based observations do not
overlap temporally with the operational period of TROPOMI. For this reason, TROPOMI data were
not considered in our validation study.

We would also like to clarify that, while the NIES XCHa retrieval may not be as widely cited as
some other products for methane research, it remains an actively used and valuable dataset in the
scientific community. Several recent studies have utilized GOSAT XCHa from NIES for trend
analysis, inverse modelling, and multi-satellite comparisons. For example:

Li et al. (2022) employed GOSAT XCHa data to produce global methane concentration maps
and analyse mean annual trends.

Song et al. (2023) combined GOSAT and TROPOMI observations to generate a longer time
series and study methane trends over Monsoon Asia.

Lin et al. (2024) have used both NIES and Uni. Of Leicester data to study surge in methane
concentration 2020 and 2021 and found both datasets confirmed increased methane growth
rate from wetlands but with different magnitude.

Given the limited number of ground-based validation studies for GOSAT XCHa4 over India, we
believe that evaluating the NIES product in our analysis fills an important gap and contributes to the
ongoing effort to validate satellite methane retrievals across different regions.

We have now incorporated the above discussion and the new analysis with the University of
Leicester XCHa product in the revised manuscript.
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The modeling section of this manuscript is problematic. There is no visual correlation at all
between their modeled XCH4 and the observed. Which is fine, except that when I plotted up the
CAMS data at this location for the time period of interest, visually it matches reasonably well with
the EM27 observations. It appears that there may be a problem with their model. Because this part
of the paper is totally separate from the validation part of the paper, I suggest they remove it
altogether, or fix their model so it at least partially agrees with other, more well-established models.
I would like to be clear that I am not a methane modeler, so that is just my impression as a GHG
data scientist.

Reply: We thank Reviewer #2 for this important observation and for taking the time to compare our
results with CAMS data. We believe that there may be a misunderstanding regarding the quantity
shown in our modelling results. Specifically, our model output does not represent total column
methane concentrations and therefore is not directly comparable to either the EM27/SUN
observations or CAMS reanalysis data.

To clarify, the modelling component of our study was designed to test the hypothesis that the
observed seasonal variation in methane is significantly influenced by local/regional emissions --
such as those from rice cultivation and wetland sources. Our model is configured to simulate
methane enhancements based only on emissions from the preceding 10 days, using trajectory-based
transport to capture contributions from upwind regions. This time-limited approach was intentional
to isolate the signal from relatively local and regional sources.

In contrast, the total column methane observed by the EM27/SUN instrument—and represented in
CAMS reanalysis products—reflects the integrated influence of global background concentrations,
long-range transport, atmospheric chemistry, and regional sources. Notably, CAMS data incorporate
observational constraints through data assimilation, which naturally results in values that better
match direct observations.

Our analysis finds that the amplitude of seasonal variability in the model-derived methane (driven
solely by recent regional emissions) is significantly smaller than that observed in total column data.
We believe this discrepancy is a key finding of our study, as it highlights the dominant role of
background methane variability in shaping the observed seasonal cycle at this site. This has
important implications for inverse modelling and the attribution of observed concentration changes
to regional emission fluxes.

Rather than removing the modelling section, we will revise the text to more clearly explain the
intent, configuration, and limitations of the model, and to avoid confusion with total column
comparisons. We hope this clarification will address the reviewer’s concerns and better
communicate the motivation and value of this part of the analysis.

Finally, there are MANY English grammar (and a few spelling) errors throughout this manuscript.
They are too numerous for me to list individually. Please have a native/fluent English speaker read
through the document and correct these mistakes.

Reply: We thank the reviewer for pointing this out. We will take special care to correct all grammar
and spelling errors in the revised manuscript. The revised version will be thoroughly reviewed by a
fluent English speaker to ensure clarity and language accuracy throughout. Moreover, we believe
there is mandatory and automatic language check by AMT before final publication of the work.



Primarily because of the problems with the modeling section, I cannot recommend this paper for
publication at this time. If they were to remove this section and resubmit, especially if they
included one or more standard XCH4 datasets (e.g. University of Leicester v9.0 XCH4 using the
proxy approach, as well as a TROPOMI dataset), and fixed the numerous grammar errors, it would
be suitable for publication.

Reply: We thank Reviewer #2 for the thoughtful and constructive feedback provided throughout the
review. As noted earlier, we have now included a comparison with the University of Leicester Proxy
XCHa product (v9.0) in the revised manuscript, as recommended.

Regarding the modelling section, we respectfully maintain that the results from this part of the
analysis provide important scientific context. The lack of strong correlation between modelled and
observed total column methane is not indicative of an error, but rather reflects the modelling setup,
which was designed to isolate the contribution of regional emissions over a short time window (10
days). This result highlights the dominant role of background methane variability, and we believe it
offers valuable insight into the interpretation of column measurements and their suitability for
constraining regional fluxes.

We fully acknowledge the reviewer’s concern and will revise the manuscript to more clearly
communicate the intent and limitations of the modelling approach, and to ensure it is not
misinterpreted as a conventional total column simulation.

We have also undertaken a thorough language revision of the entire manuscript to address the
grammar and spelling issues raised.

We sincerely hope that the changes made in response to the reviewer’s comments will lead to a
more favourable reconsideration of the manuscript.

Specific Comments

1. Line 23: please add “methane” or “CH4” somewhere to make it clear which gas this
sentence is referring to.
Reply: Comment noted — we have updated our manuscript accordingly.

2. Line 95: for OCO-2 v11.1, please reference Jacobs et al. 2024: https://doi.org/10.5194/amt-
17-1375-2024.
Reply: Thank you for this suggestion. We are including reference to Jacobs et al. (2024) in
the revised manuscript.

3. Line 161: You are referring specifically to the operational NIES full-physics retrieval. You
should say this, and give a citation of the NIES retrieval. The latest citation that I know of
for the NIES full-physics retrieval is Someya et al., 2023:
https://amt.copernicus.org/articles/16/1477/2023/.

Reply: Thank you for this suggestion and bringing Someya et al. (2023) to our attention —
we are updating the manuscript accordingly.

4. Line 166: “Goddard Earth Science Data Information and Services Center” has a useful
acronym: GES-DISC. I suggest you use it for future references to this center in the
manuscript.

Reply: Noted — we have updated our manuscript accordingly.
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5. Section 2.2: As I said above, please add the University of Leicester Proxy XCH4 product
into your evaluation. Then your document the two operational NIES products (XCH4 and
XC02), as well as each gas from a more trusted retrieval (ACOS for XCO2; University of
Leicester for XCH4).

Reply: We thank the reviewer for this valuable suggestion. As noted in our response to the
general comments, we are now incorporating a comparison with the University of Leicester
Proxy XCHa product in the revised manuscript. This addition complements the existing
evaluation of the two operational NIES products (XCHa and XCO), providing a broader and
more balanced assessment using widely trusted retrievals.

6. Line 176: Also please reference Jacobs et al. (2024) for v11.1 updates.
Reply: Noted — we have updated our manuscript accordingly.

7. Line 216: Please add “anthropogenic” in front of “emissions inventory”, to make it clear
what kind of emissions the ECLIPSE dataset quantifies.
Reply: Noted — we have updated our manuscript accordingly.

8. Section 3: Please explain why a global model such as CAMS (assimilating in-situ data) is
not suitable for your evaluation. It’s not clear why you had to build your own methane
model over India, when many already exist.

Reply: We thank the reviewer for this important question. As noted in our response to the
general comments, our motivation for including the modelling component was to evaluate
the relative contribution of recent regional emissions -- specifically, those occurring within
the past 10 days and likely to have influenced the observation site -- toward the observed
methane concentrations.

We would like to clarify that we did not build a new model for this purpose. Instead, we
used the well-established FLEXPART model, an open-source Lagrangian dispersion model
widely used for source-receptor analysis of trace gases that are relatively stable in the
atmosphere. FLEXPART is particularly suitable for isolating the influence of regional
sources over short time periods, which cannot be achieved using global reanalysis products
like CAMS.

CAMS data are extremely valuable for global-scale assessments, especially since they
assimilate observational data. However, their framework does not allow for the kind of
backward-in-time, source attribution or trajectory-based emission sensitivity analysis that
our study aimed to perform.

To avoid confusion, we are revising the model-related text in the revised manuscript to
explain more clearly our approach and how it complements rather than duplicates global
products such as CAMS.

9. Section 4.1, regarding Colocation Criteria. First, Buchwitz et al. 2017 using +- 4 deg
latitude +- 4 deg longitude, which is easily checked by reading the paper. +- 10 latitude and
+- 30 deg longitude is ridiculous. It is huge, and isn’t even over India anymore! Second,
please be clear if you are using only GOSAT observations over land, or if you include
GOSAT observations over ocean. There would be many more of the latter than the former.
Finally, have you tried to loosen your CAMS constraint? That seems perhaps overly tight.

Reply: We thank the reviewer for this detailed comment.



Regarding the reference to Buchwitz et al. (2017), it appears the reviewer may be referring
to a different publication than the one we cited. The article cited in our manuscript
(Buchwitz et al., 2017, ESA GHG-CCI Final Report) describes the following colocation
approach on page 19, second-last paragraph and copied verbatim:

“To match satellite with TCCON data we used the following procedure. First, we select
all satellite data within 30° longitude and 10° latitude of a TCCON site. Then, for each
satellite point, we select all TCCON measurements which meet the following conditions: the
measurements needed to be taken within 3 days of the satellite measurement and be
performed during the same time of day (within 2 hours). Furthermore, the difference
between the total column mole fractions, derived from the CAMS model output, interpolated
to the satellite’s coordinates and those interpolated to the TCCON's coordinates cannot
exceed 0.25 ppm (for XCO:) and 5 ppb (for XCH.).”

This colocation criterion guided our inclusion of a larger bounding box (+10° latitude and
+30° longitude), as one of the three tested configurations.

We fully acknowledge the reviewer’s concern that this box size may extend beyond the
geographic domain of India. To address this, we deliberately explored three different spatial
box sizes in our analysis (10° % 5°,20° x 10°, and 60° x 20°). This range was chosen to
illustrate the trade-off between increasing the number of matched data pairs and maintaining
spatial representativeness. We believe this approach offers transparency and allows readers
to assess how bias and scatter vary with colocation criteria.

Regarding the reviewer’s second question, we confirm that no distinction was made between
land and ocean for GOSAT observations, as long as the data fell within the specified
bounding box.

In response to the third point, we conducted a sensitivity analysis by removing Step 3, which
involves filtering based on CAMS model values to ensure air mass similarity. Omitting this
step significantly increased the number of matched pairs. For instance, in the case of
GOSAT XCHa, the number of valid pairs in the 10° % 5° box increased from 12 to 40.
Similar increases were observed for all satellite products, species, and box sizes—often
more than doubling the number of matches.

In terms of impact on bias and scatter:

For GOSAT XCHa, bias slightly decreased in the 10° x 5° and 60° % 20° boxes but
increased marginally in the 20° x 10° case.

For GOSAT XCO-, the bias decreased across all box sizes.

For OCO-2 and ACOS XCO-, bias increased for the smallest box but decreased notably
for the larger ones.

The scatter (standard deviation) increased slightly in most cases, except in a few, such as
for ACOS XCO:2 (20° x 10°), where it decreased from 1.246 to 0.989 ppm.

Although the CAMS constraint (Step 3) does not dramatically affect the results, we have
chosen to retain it for consistency with previous studies. A summary of this sensitivity
analysis has now been included in the revised manuscript.
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Reviewer#1 also had concern regarding model-based criteria. A table of values
comparing with and without model-based criteria is available into replies to comments from
Reviewer#1.

In section 4.1, you should point out that you do not make an averaging kernel (AK)
correction, which could cause slight discrepancies. It would be better if you did this of
course, but it seems like you do not.

Reply: We thank the reviewer for this observation. We confirm that averaging kernel (AK)
corrections were not applied in our analysis, and we agree that this may contribute to minor
discrepancies in the satellite—ground comparisons. We have now noted this explicitly in
Section 4.1 of the revised manuscript and briefly discussed its implications.

To provide additional context, we refer to the study by Sha et al. (2021;
https://doi.rog/10.5194/amt-14-6249-201), which evaluated the impact of smoothing and a
priori profile corrections on validation results for XCH4 and XCO from the Sentinel-5
Precursor mission using data from TCCON and NDACC-IRWG stations. Their analysis
showed that smoothing effects are most significant in regions with strong dynamical
variability, such as high-latitude stations influenced by the polar vortex. However, for low
latitude stations, the impact was small. Specifically, they found that the maximum difference
in XCHj4 bias with and without smoothing was less than -0.25% and the average difference
was -0.14%. Our stations being a low latitude station (13.5° N), we expect negligible impact
of not applying a priori alignment and smoothing correction. Nonetheless, we appreciate the
reviewer’s suggestion and have addressed this point explicitly in the revised manuscript.

Line 319, at the end of the sentence add something like “over the 9 month period of
comparison”.
Reply: Noted — we have updated our manuscript accordingly.

Near Line 320. It is worth pointing out that GOSAT v305 XCO2 performs significantly
worse in the fall-winter months (Nov, Dec, Jan, Feb) than the spring months (Mar Jul).
Reply: Thank you for the suggestion. We have updated our manuscript accordingly.

Section 4.2 — add “of Methane” or “of CH4” to the title of this section, since CO?2 is not
studied here.
Reply: Noted — we have updated our manuscript accordingly.

While I am not a methane modeler, I loaded up and plotted the CAMS XCH4 dataset
(version v20r1) from their top-down inversion that assimilates in-situ data. It looks nothing
like the FLEXPART model result provided in this manuscript, but does look surprisingly
similar to the EM27 observations. I can only conclude that something is wrong with their
model results, given that there is no visual correlation at all between their model results and
the EM27 observations or CAMS. I really don’t see the value in section 4.2, given the
apparent problem with their model results.

Reply: We thank the reviewer for this follow-up comment. As noted in our earlier responses,
the seasonal variability simulated by our model is not expected to match the observed total
column methane concentrations unless that variability is primarily driven by local or
regional emissions. Our results indicate that the observed seasonal cycle over South India is
largely governed by background methane variability, rather than by short-term changes in
nearby emission sources. This interpretation is supported by similar findings reported in
Chandra et al. (2017; https://doi.org/10.5194/acp-17-12633-2017).

It is important to clarify that the CAMS XCHa4 product is a reanalysis dataset that assimilates
satellite observations. Since our ground-based observations already show good agreement
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with the satellite data, it is reasonable that CAMS would also correlate well with the
EM27/SUN observations. However, this agreement reflects the assimilated nature of the
CAMS product and does not provide insight into the specific contribution of local
emissions.

We emphasize that the lack of correlation between our FLEXPART-based model results and
the observed or CAMS values is not indicative of an error in the modelling setup. Rather, it
provides valuable insight into the limited role of regional emissions in driving seasonal
changes in total methane concentrations at this location. We believe this is an important
conclusion with implications for the interpretation of column observations and the design of
inverse modelling strategies.

Therefore, we plan to retain Section 4.2 in the revised manuscript and will revise the text to
clarify the modelling intent, limitations, and the value of the findings.

Once again, we would like to thank Reviewer#2 for the time he/she dedicated to review our
manuscript and to provide constructive comments which greatly contributed to its
improvement.



