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We thank Referee #2 for his/her comments and careful reading of the manuscript. Here
are our answers.

*For me, the most interesting new result in this paper is the freshwater lakes inventory
work, as this is a non-negligible source of methane that many models neglect. | think it
would be good to make this clearer in the abstract. | think it would also be worth pulling
out some figures to quantify how important the lakes are in the abstract, eg freshwater
lakes account for 11-26% of the signal at your sites. | would also suggest that it would
be useful for potential readers if this were reflected in the title of the paper as well, if

C1

you agree that this is the most important aspect of the paper.

—> We thank the reviewer for this comment. Some more references to freshwaters have
been included in the abstract to strengthen the new development about lake emissions:

Line 27: “A polar version of the CHIMERE chemistry-transport model is used to simu-
late the evolution of tropospheric methane in the Arctic during 2012, including all known
regional anthropogenic and natural sources, in particular freshwater emissions which
are often overlooked in methane modelling.”

Line 38: “In particular, freshwaters play a decisive part in summer, representing on
average between 11 and 26% of the simulated Arctic methane signal at the sites.”

We think that the title assumes a balance as we try to address all Arctic emissions and
prefer to keep it as it is.

*Another interesting finding was that a later wetland seasonal cycle seemed to agree
best with the observations. | think this is of interest as (a) we have many different
wetlands emissions inventories and we want to know which is best to use in models,
and (b) this agrees with recent observations from Zona and modelling from Warwick.
So | think this would be good to highlight in the abstract.

—> We agree. A sentence has been added in the abstract about this aspect of the
wetland seasonal cycle.

Line 43: “The closest agreement with the observations is reached when using the two
wetland models whose emissions peak in August-September, while all others reach
their maximum in June-July. Such phasing provides an interesting constraint on wet-
land models which still have large uncertainties at present.”

As said in our reply to Ref.1, a few words have been added in the conclusion about
Warwick et al. (2016).

Line 725: “The forward modelling study of Warwick et al. (2016) also reached the
Cc2



same conclusions. To better capture the seasonal cycle of methane, wetland emissions
needed to start no sooner than June and peak between July and September. This
result was backed by isotopologues data that suggested large contributions from a
biogenic source until October.”

*Section 3.1.3 line 423, and line 678: When describing the seasonal cycle of methane
in the Arctic, | would expect there to be lower methane in summer because of the
presence of OH, compared to in the darkness of winter. In my mind, this outweighs
the higher emissions of methane from wetlands in summer. | would see that as the
main driver of the seasonal cycle over the whole Arctic, with any deviations from this
attributed to some local influence eg from nearby wetland emissions. | am not sure |
would attribute the seasonal cycle to transport from outside of the domain unless you
had evidence to back this up. Even if you do have those numbers, isn'’t it the fact that
the OH influence is acting in the midlatitudes too, so ultimately the transport into the
boundary is related to the OH seasonal cycle anyway? | suggest that this section is
revisited, with the OH seasonal cycle in mind.

—> This is right, the seasonal cycle is mostly driven by OH. When it is written, in the
manuscript, that air from outside the domain is the main driver of the seasonal cycle
for some sites, it implicitly meant that it was ultimately due to the influence of OH, and
not due to some seasonal pattern of transport. This point has been clarified in Section
3.1.3.

Line 444: “Although Arctic emissions are greater in summer, Alert, Pallas and Zeppelin
have higher methane values in winter due to higher influence of air coming from lower
latitudes, whose methane seasonal cycle is mostly driven by OH.”

Specific minor points:

*Use methane or CH4 consistently throughout manuscript. Same with American/British
spelling eg analyzes/analyses, vapor/vapour. Also, does Pole need a capital letter?
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— “CH4” has been replaced by “methane” and British spelling has been favoured.
“Pole” refers here to the North Pole, so we think it requires a capital letter.

*Line 58: There were two recent OH sink papers in PNAS, by Rigby et al and Turner et
al. Maybe worth referencing here too. Dalsoren 2016 reference contains a typo.

—> Thank you, the references have been added, and the typo corrected.

Line 61: “A number of different processes have been examined including changes in
anthropogenic sources (Schaefer et al., 2016; Hausmann et al., 2016; Schwietzke et
al., 2016), in natural wetlands (Bousquet et al., 2011; Nisbet et al., 2016, McNorton et
al., 2016), or in methane lifetime (Dalsgren et al., 2016; Rigby et al., 2017; Turner et
al., 2017)”

*The submitted Poulter reference is mentioned a few times. Unless this is published
first, perhaps a good idea to mention the project name, so people might be able to look
it up a bit easier.

—> Poulter et al. is still under review for minor revisions. The latest (minor) comments
have been addressed and the authors are waiting for the final decision of the editor.
However, the model results have already been used in the Global Methane Budget
synthesis (Saunois et al., 2016). Saunois et al. (2017, in review in ACPD) also use
this ensemble and analyse some characteristics of the wetland emissions produced
by these models. Note that the references for all process-based wetland models are
already listed in Table 2. The “wetland part” of Section 2.3 has been reorganised to be
more precise about the Poulter ensemble.

Line 274: “The version of ORCHIDEE used in this study comes from Poulter et al. (sub-
mitted) (see also Saunois et al. (2016)), like the ten other land surface models used for
sensitivity studies (cf. section 3.2). Following Melton et al. (2013), net methane emis-
sions have been computed under a common protocol; the models use the same wet-
land extent and climate forcings. Wetland area dynamics are based on global wetland
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datasets produced with the GLWD (Global Lakes and Wetlands Database), combined
with SWAMPS (Surface WAter Microwave Product Series) inundated soils maps. The
emissions from these ten other models range from 10.1 up to 58.3 TgCH4 yr-1.”

A reference to Saunois et al. (2016), who describe the ensemble in more details, is
also made in Section 3.2.

*Line 132: | think it should be “of emissions” not “on emissions”

*Line 148: methane and Arctic should be the other way around

—> This has been corrected.

*Line 192: please explain why you only use the background data here

—> To be consistent, we decided to remove the filters used for Barrow and Pallas and
use all data for all sites.

Line 210: “All valid data from the sites are used in this study, with no filter applied.”
*Line 215: do you really mean forecasts, or do you mean analyses?

—> In fact both forecasts and reanalyses are used here, thank you for pointing this out.
*Line 218: Define LMDz

—> We think it is useless to define the acronym (which just stands for the name of the
institute (LMD) where the model was developed, and “with Zooming capability”), but
we added a reference.

Line 230: “Initial and boundary concentrations come from optimized global simulations
of the LMDZ general circulation model for 2012 (Locatelli et al., 2015).”

*Line 241: define FAO

—> This has been added. | also forgot to mention that BP statistics were used as well
for the anthropogenic emission projections.
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Line 253: “Given that the EDGARv4.2FT2010 emissions are not available for years
after 2010, the 2010 values are used for 2012 for every sector but the ones for which
FAO (Food and Agriculture Organization, http://www.fao.org/faostat/en/#data/) and BP
(http://www.bp.com/) data are available (oil and gas production, fugitive from solid, en-
teric fermentation, and manure management).”

*Line 281: Perhaps worth stating the resolution in km here as well.
—> This has been added.

*Section 3.3: does bLake4Me stand for anything?

—> No it does not.

*Line 560: | suggest adding “(black dots)” after “A positive value”, as the colours con-
fused me at first.

—> Thank you, this has been added in the text.

*Line 587: the numbers here are confusing. | would say “The bias is improved from
-6.4 to -6.0 ppb over the year”

—> Thank you, this has been fixed.

*Line 618/fig 10a: setting the sink to be a positive value is confusing. Consider chang-
ing this, or explaining it a little to make less confusing.

—> A sentence has been added in the legend of Fig. 10.

Line 1325: “Figure 10. Difference between the reference simulation and (a) the simu-
lation including the OH sink, (b) the one including the CI sink, and (c) the one including
soil uptake, at six measurement sites. Consequently, the impact of the sinks is shown
here as positive values.”

*Line 701: Warwick at al 2016 also supports a delayed seasonal cycle in wetland
emissions.
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—> As said above, a short discussion on this paper has been inserted.

*Fig 6 and 7: the quality when | printed these is not good. There are fuzzy areas, and
it's hard to see the boundary conditions and the observations.

—> These figures have been re-processed. We hope they are more easily understand-
able now.
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