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This manuscript provides a description of an inverse method based on the NH3 life-
time to estimate NH3 global emissions from the satellite IASI observations over the
10 yr-period 2008-2017. As NHS3 is a key species for understanding the PM levels,
the quantification of its global emissions is important and would be useful to a wide
community. The authors cover an important topic, appropriate for ACP. Nevertheless,
| have some major comments listed below that should be considered by the authors
before publication.

Response: We acknowledge reviewer’s effort to improve our manuscript.
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Major comments:

1/ The fact that NH3 columns in the atmosphere depend not only on NH3 emissions,
but is also linked to the abundance of nitric and sulfuric acids (and consequently to NOx
and SO2 emissions) is not fully described. To tackle the large variability of the ammonia
lifetime, the authors calculated the NHS3 lifetime with a CTM and the spatial variability
of ammonia is taken into account. | have more doubt about the temporal variability
of ammonia and its main drivers in the atmosphere. If | well understand, the variable
lifetime chosen for this study is a gridded average over the 10-yr period. If it is correct,
the temporal trend in nitric and sulfuric acids is not fully taken into account, while it
could have an importance for the deduced NH3 emissions over a 10-yr period. This
choice should be explained in the text. Would it possible to calculate yearly lifetimes as
a sensitivity test to assess the robustness of your study?

Response: We appreciate reviewer’s help to clarify this very important issue. As seen
in Figure 1d and explained in the legend, the lifetime, as well as the emissions were
calculated in monthly timesteps.

However, we admit this is not clear in the text, and therefore we have tried to clarify it
further there. Some examples of our corrections are in section 2.3 (second paragraph,
see Track Changes), Section 3 (first paragraph, see Track Changes), section 3.2 (first
paragraph, see Track Changes). As we show in Figure 1d, the temporal trends of
ammonia’s reactants are considered and appear to have an effect on the lifetime, which
varies from 10.3 to 12.2 hours.

2/ A comprehensive overview about the existing literature is missing. For example,
result for SO2 changes in Figure S2 is not in agreement with Krotkov et al., 2016, ACP,
showing strong decrease of SO2 between 2005 and 2015 at least over Eastern US and
over Eastern Europe. Also, different publications have shown NH3 peak in spring over
northwestern European countries, not seen here. At least, discrepancies with previous
studies should be discussed. These features could be explained by the choice of the

Cc2



authors to analyze their results for Europe or for the US as a whole. An analysis done
for the hot-spot regions, of interest, where the emissions are high in Figure 4 may help
the analysis.

Response: The legend of SO2 explains that these are not results from our model/set-
up, but assimilated data from NASA’s OMI (Ozone Monitoring Instrument) and
MERRAZ2 (Modern-Era Retrospective Analysis for Research and Applications, Version
2). This is also explained in the manuscript (section 3.2, third paragraph, see Track
Changes). About the seasonal variability of the NH3 emissions, we agree with the
reviewer that the spring peaks over northwestern European countries are not seen,
because of our choice on the presentation of these results. Since we conduct a global
study, we have chosen to study continental emissions rather than focusing only on
hot-spot regions. The reason why we did this is because the aim of the paper is not
to study the hot-spot emissions of NH3 as seen from IASI. This has been highlighted
already by Van Damme et al. Nature paper (see reference list of the manuscript). We
focus on how the prescribed emissions retrieved from IASI can improve modelled con-
centrations and if models need higher emissions to capture measured concentrations.
As a response to if our results are consistent with those of northwestern European
countries highlighted in other papers, we plot seasonal emissions of NH3 for all years,
as in Figure 4 of the manuscript (see Fig. 1 below).

Except for years 2013 and 2015 that peak in summertime, all other years peaked in
spring, which is in agreement with the reported hot-spot emissions in northwestern
Europe.

3/ The impact of the abundance of sulfuric acid on NH3 columns is detailed, but not the
impact of the abundance of nitric acid. Is this impact considered negligible compared
to those of sulfuric acids? This should be discussed. The same Figure S2 for NO2
columns and nitrate concentrations may help analyzing the results.

Response: We agree with the reviewer. Reactions with nitric acid are not negligi-
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ble. However, they may have different results in NH3 concentrations depending on
the physicochemical parameters as we explain in the text (neutralization or produc-
tion of NH3). We have retrieved NO2 from OMI, in consistency with SO2, which we
now present in Figure 2 of the manuscript and discuss in the text (section 3.2, circa p.
320-340).

Specific comments:

line 87: a comma is missing before "the Tropospheric Emission Spectrometer”
Response: Corrected (see Track Changes, circa L.87).

line 90-95: a verb is missing in this sentence

Response: Corrected (see Track Changes, circa L.91).

line 96-97: Note that Kuenen and Dore, [2019] estimated the uncertainties
linked to the agricultural sector at about 100-300% at the European and an-
nual scale. https://www.eea.europa.eu/publications/emep-eea-guidebook-2019/part-a-
general-guidance-chapters/5-uncertainties/view

Response: We have added this useful information in the manuscript (see Track
Changes, circa L.98).

line 98-102 : What is the differences between the different IASI products? The terms
NE, VDO0.5 and VDgrlf are not intuitive and are not explained at this stage.

Response: In principle, we agree with the reviewer here. However, we cannot add
methodological details in the Introduction, and we'd rather prefer to leave only the
names of the different datasets used in the analysis. Further down in the Methods
section, we explain in detail what each name refers to and how the results were ob-
tained. We have added a sentence explaining this in circa L.106 (see Track Changes).

line 105: please add references of studies using this state-of-the-art inventory.
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Response: The sentence we have added in circa L.106 (see Track Changes) refers to
all emission datasets used in the present study including the state-of-the-art emissions
from ECLIPSE-GFED4-GEIA and EDGAR-GFED4.

Line 124: could a difference of 2%=+24% just due to the use of particular vertical profiles
be interpreted as “small uncertainties”?

Response: We are not sure if we can judge the reported by Van Damme et al. (2018)
values on uncertainties. However, as it is stated in their paper, the calculation does
not refer to just particular vertical profiles, but rather to a global average: “Differences
between columns derived with a fixed vertical profile (baseline) and columns derived
using variable modelled profiles are of the order of 2% + 24% on a global scale, but
may be substantially larger for individual locations linked to regional differences in me-
teorological mixing and recirculation.”

Line 126-151: the description for CrIS gives more information than for IASI. The analy-
sis of the results may be facilitating with the same information for both the instruments.
| encourage you to give more information for IASI (total column uncertainties, peak
sensitivity, detection limit, etc).

Response: We have added further details on errors and detection limits for IASI ammo-
nia (see Track Changes in section 2.1.1). Though, we have tried to keep the length of
the section consistent with this of CrIS and avoid repetitions, since detailed information
of the product is published elsewhere (see references within the manuscript).

Line 152, Section 2.2: could you please provide a map of the interpolated IASI ob-
servations? As you performed simulations, it would be great to see the comparison
between IASI and the CTM.

Response: We have added this plot in the Supplementary Figure 11, which gives an
example of how the gridded results of IASI ammonia compares to the raw data. We
believe it is more appropriate to show it there.

C5

Line 155: What is the CTM? As the variable lifetime in section 2.3 is based on this
CTM, it should be described before. | would have described LMDZ-OR-INCA before
section 2.3.

Response: We agree with the reviewer that the structure was awkward. We have
moved the presentation of the CTM first in section 2 of the Methodology (see Track
Changes section 2).

Line 160: | would refer to IASI ammonia total columns.
Response: Corrected. Please check at circa L. 214 (Track Changes).

Line 188: Please precise the regions where nitric and sulfuric acids are abundant in
the text or at least, refer to Figure 2c and to Figure 2d.

Response: At this point, we discuss the method in general and do not refer to our
results. We say that the use of a variable lifetime, and not a constant one, will be
able to capture any variability caused be the chemical reactions of ammonia in the
atmosphere, where and if they occur.

Line 211: Is the variable lifetime from a CTM for the quantification of VDgrlf emissions
similar to the one for the quantification of NE emissions? This is not clear.

Response: We appreciate reviewer’s help here. Indeed, this is not clear, and we have
now corrected this part (see Track Changes at circa L. 266 of section 2.4).

Line 227-239: Has the NH3 deposition of LMDz-OR-INCA been already evaluated? Is
the bi-directional exchange with surfaces taken into account? This is not discussed. If
not, how does it impact your NH3 emissions?

Response: The total deposition of SOx, (SO2+S042+), NHx (NH3+NH4+), and
NOy (NO+NO2+NO3+HNO2+HNO3+HNO4+N20O5+organic nitrates+particulate NO3-
) have been evaluated (see Hauglustaine et al., 2014, in the manuscript). However,
we admit we do not account for a compensation parameterization in the CTM, as high-
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lighted by the reviewer. We only have the emissions on one side, and the dry deposition
ion on the other.

Line 253: you do not focus on hotspot regions but on continents as a whole.

Response: This is true; we agree with the reviewer and we have amended the text at
this point (see Track Changes in circa L. 276, first paragraph of section 3).

Line 256-271: the different lifetimes of the literature and your results could be high-
lighted in a Table.

Response: There is a relevant supplementary Table in Van Damme et al. (2018) Na-
ture paper (see reference within the manuscript), which presents literature values for
ammonia lifetimes. We point to this table as ” The atmospheric lifetimes of ammonia
were summarized in Van Damme et al. (2018).” We do not want to be repetitive and put
the same Table here. If the reviewer/editor has a different suggestion, we are willing to
correct this in a next stage.

Line 276: As Ammonia lifetime depends on the presence of ammonia’s reactants (sul-
furic and nitric acid), it also depends on NOx and SO2 emissions, not only NH3 emis-
sions. | would have written “(sulfuric and nitric acids, through SO2 and NOx emis-
sions)”.

Response: We agree with the reviewer. As we have now clarified in the text, NO2 and
SO2 are precursors of ammonias atmospheric reactants, hence lifetime is indirectly
linked to their concentrations. We have followed reviewer’s suggestion to amend this
sentence (see Track Changes in circa L. 376, p.10).

Figure 1: space is missing between the legend and Figure 1c and 1d

Response: We are not sure we understand where the problem is in Figure 1. Both the
legend and the figure appear to be fine in our version. We have corrected some space
problems in the title of Fig. 1c (reactants of NH3) that were overplotted by latitudinal
values. If the reviewer still thinks there’s a space missing somewhere, we could correct
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it in a next stage of the reviewing process.

Line 287: “which is in the range of the previously reported values". Your results are
far from the results from Dammers et al [2019] for example. How do you explain such
differences? Could the simulated NH3 lifetime by CTM be over-estimated?

Response: We cannot judge the values calculated by Dammers et al. [2019]. As
we report in circa L. 367-370 “The majority of ammonia lifetimes reported regionally or
globally fall within 10 and 24 hours independently of the different approaches (Hauglus-
taine et al., 2014; Hertel et al., 2012; Mdller and Schieferdecker, 1985; Sutton et al.,
1993; Whitburn et al., 2016b),...".

Line 296: Please note in the legend of Figure 1b that the average ammonia emissions
are calculated from the 10-year |ASI observations and precise with which lifetime. |
first thought it was the average ammonia emissions from ECLIPSEv5-GFED4-GEIA.
Please also verify the legend of Figure S3.

Response: We thank the reviewer here; We have now clarified that the plot refers to
the NE emissions (Track Changes at legend of Figure 1). We have also clarified this in
the legend of the supplementary Figure S3.

Line 320-321: The sentence “Although column concentrations of both sulfur dioxide
and sulfates present strong interannual variability, they do not show significant changes
on an annual basis” is not clear. Please rephrase.

Response: We have amended this sentence to be consistent with what the figures
show. Please see Track Changes at circa L. 428-432 (p.12).

Line 331: | do not understand why the anomaly is calculated only after 2015. Please
explain.

Response: We initially thought to study anomalies after 2015, as our calculated emis-
sions seem to increase after 2015. We agree with the reviewer that changes are al-
ready obvious since 2012 and now provide a more complete reasoning supported by
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relevant references. However, the largest reductions were seen after 2015, in agree-
ment with the emissions of NH3 that we present here, as seen in the attached Fig.2
and that is why we have chosen to restrict anomalies after 2015. Please see Track
Changes at p.11-12.

Line 334-337: why the NH3 emissions based on IASI observations could be impacted
by changes in SO2 and NOx emissions only after 20157 In Lachatre et al., 2019, the
study you are citing line 337, the changes in SO2 at least are seen before 2015. This
is also the case in your Figure S2. Please strengthen this discussion.

Response: As we now discuss in L. 418-p.11, although the SO2 and NOx reduction is
evident since 2012, the largest changes are calculated for the period after 2015, which
is in agreement with our suggested NH3 emissions. This is also evident if we compare
anomalies after 2012 with those after 2015 as in the attached Fig.2. Therefore, we
present anomalies after 2015. We have tried to explain this in the manuscript (please
see Track Changes in p.11-12).

Line 352: please deeply detail why the fact that northern India has been previously
identified as a hot-spot region for ammonia explains the differences between the emis-
sion datasets.

Response: We believe we do not imply that the fact that N. India has been identified
as a hotspot region explains the difference in the emission datasets. We only say
that these hotspot emissions in N. India have been highlighted ti be due to agricultural
activities and we give 2 references to support this. We have now tried to re-write the
sentence (see Track Changes at circa L. 476).

Line 335: Please verify the species indices

Response: We have amended this part and the overall discussion in this section as
explained in previous comments (see Track Changes at p. 11-12).

Line 356: the ammonia emissions remain mostly constant at the global scale. Is it still
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true at continental scale?

Response: Yes, it is actually true that no significant continental changes occurred. For
example, the ECLIPSE emissions which are based on the GAINS model are produced
for 5-year timesteps. What global models assume is usually a linear interpolation to
scale the emissions for each of the years in between. For justification, we plot the
annual emissions from ECLIPSEv5-GFED4-GEIA and from EDGARv4.3.1-GFED4 in
the attached Fig. 3 and 4.

Line 357: “The total calculated ammonia emissions": which one?
Response: We have amended this sentence (Track Changes at circa L.641-642).

Line 360-363: could you please provide statistics (average and standard deviation) for
South American and European emissions as well as for the global budget?

Response: We have amended this part. Numbers have been added everywhere in this
paragraph presenting average and sd (see Track Changes at L.491-496, p. 13).

Line 363-364: “Based upon IASI retrievals, Liu et al. (2019) showed an increase of
surface NH3 concentrations trend of more than 0.2ugNm-3yr-1”: | do not understand
the link with the previous sentence.

Response: We consent with this comment and we have removed this sentence thanks
to the reviewer (see Track Changes at circa L.496, p. 13).

Line 365: “Ammonia emissions derived over China in this work are among the highest
worldwide (Figure S1)”: is this already the case in the EDGAR and EGG bottom-up
inventories or is this a new feature?

Response: We have made clear that by saying “in this work” we mean the emissions
highlighted as NE (see Track Changes at circa L.496, p. 13).

Line 370: please precise “The comparison of the annual ammonia NE emissions. . .
In general, you should specify the inventory or the sensitivity test you are referring to,
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it would help for the reading and for the understanding of the study.

Response: The reviewer is again right here. We have modified the sentence as follows:
“The comparison of the annual ammonia emissions in the NE dataset to the ...” (see
Track Changes, L.509, p.14).

Line 377: | would add “in these regions” at the end of the sentence. Indeed, the impact
of the different lifetimes seems to be slight over the other regions of the world.

Response: Corrected as suggested by the reviewer (see Track Changes, L.517, p.14)

Line 385-386: is this contradictory with the sentence “European emissions are practi-
cally identical in all datasets” in line 3617

Response: We have modified the sentence as follows “. .. in all datasets except EGG
...” (see Track Changes, L.493, p.13).

Line 460: consist in?
Response: We have corrected as suggested (see Track Changes, L.601, p.17).

Line 461-470: The description of the different inventories and of the different performed
simulations should occur before in the text. | would have placed this paragraph at the
end of the introduction.

Response: The sequence of the paper is (a) proof that modelled lifetimes are realis-
tic, (b) presentations of the different emission inventories for NH3 based on different
methodologies, (c) comparison with state of the art datasets (ECLIPSE-GFED-GEIA,
EDGAR-GFED) that are frequently used to simulate NH3 concentrations in global mod-
els. Then, we need to prove that the emissions presented in the paper produced more
realistic modelled concentrations, and for this reason, we simulate NH3 using each of
the different emissions and compare model concentrations with surface measurements
and satellite data. We explain all these in an introductory paragraph in discussions.
However, we agree with the reviewer and have moved the part that explains what the
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EGG emissions refer to into the place that appear for the first time. Instead, we use
abbreviations everywhere in this paragraph.

Figure 4: you should number the different graphs. It would be easier to reference them
in the text. Please better describe the NH3 emission dataset in the legend.

Response: We do not really use the numbering in any part of the text when refer to this
figure. This is mainly done because each graph placed in any raw shows exactly the
same thing for different continental regions. We do not think this is necessary (since
it's not used) and if the reviewer/editor insists, we may do so in a next step.

Line 532: there is an empty bracket.
Response: Bracket has now been removed (see Track Changes, p.19).

Section 4.2: Does the evaluation against CrlS done at the global scale? It is not
specified. If it is the case, it is not comparable with the surface evaluation done at
the regional scale. It would be very interested to do it also at regional scale for the
analysis, as in Figure 5, 6 and 7 and particularly over hot-spots as explained in the
major comments.

Response: Yes, the comparison with CrIS NH3 refers to global data, which we now
specify in L. 677-678. As we already answered in a previous comment, an evaluation
of IASI ammonia for several hotspot regions has been done in Van Damme et al. (2018)
Nature paper. What we do here is to use IASI NH3 to produce emissions and see if
a model that participates in CMIP and IPCC simulations can improve its performance,
also giving these emissions to be used by anyone interested. We evaluate the modelled
concentrations against ground measurements that we trust more, in general for N.
America, Europe and Southeastern Asia. As a supplement we compare with another
global product (CrIS), to prove that concentrations are better reproduced, not only in
N. America, Europe and Southeastern Asia, but in a global scale.

Line 599: the word “already” is misplaced in the sentence.
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Response: “already” should be “although” in this sentence. We thank the reviewer for
pointing this out. We have amended the sentence (see Track Changes, L.736, p.21).

Figure 9: the colors of the scale should be changed: when the uncertainty is high, the
borders on the map are not clearly visible.

Response: We have used another colormap as suggested by the reviewer, in order to
have visible coastlines (see manuscript with Track Changes).

Line 612: what are the regions with “changing balance between nitrate and sulfate
abundances”? Please detail in the text.

Response: We have amended the sentence to make a more concrete statement as
suggested (see Track Changes as L. 751-753, p. 21).

Interactive comment on Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2020-1008,
2020.
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Fig. 1. Seasonal emissions of NH3 in northwestern European countries.
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Fig. 2. Left column: SO2, NO2 and SO4 anomalies after 2015, as in the manuscript. Right
column: same anomalies calculated after 2012, when the first reductions of these precursors
were observed.
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Fig. 3. Annual emissions of NH3 in ECLIPSEv5-GFED4-GEIA.
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Fig. 4. Annual emissions of NH3 in EDGARv4.3.1-GFED4.
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