
Dear Editor, dear Referees and Reviewers, 
first of all, we would like to thank you for accepting our manuscript for public peer review in the ACPD forum and for 
considering it for publication in ACP. We are especially grateful to the anonymous reviewers for the detailed comments 
and suggestions during the acceptance and the discussion phase which greatly improved the quality of our manuscript; 
we sincerely appreciate their contribution a lot. 
 

Here we present our responses to all the comments posted by the Anonymous Referee #2 (acceptance phase) and 
by the two Anonymous Reviewers (#2 and #3; discussion phase). All the comments are repeated in bold and italic 
followed by our response, and If there have been changes to the submitted manuscript, here we report the lines of 
the revised text and if necessary a snapshot from the marked-up manuscript version is provided where the reviewer 
can identify what changes have been made. 

 
Lastly, in the revised manuscript we have also updated the affiliations and the date of last access when citing 

websites, as well as the “Author contributions” and the “Acknowledgements” sections. 
 
 
 

Authors’ response to Anonymous Referee #2 
Why are the authors dismissive of the MISR over-land products? See, e.g., Kahn et al., dot: 10.1002/2015JD023322 
(2015) for MISR aerosol type classification which shows retrievals over the land are successfully captured. I would 
think MISR's discrimination of dust versus non-dust is at least as good as MODIS. 
Otherwise the paper seems suitable for pre-access. 
 
We would like to thank Referee #2 for their reasonable question, which gives us the opportunity to explain our choice 
and improve the corresponding passage in our manuscript. 
 

First of all, we know from the literature that MISR Dark-Water (DW) algorithm is very reliable in distinguishing non-
spherical particles (Kalashnikova and Kahn, 2006), whereas the Heterogeneous-Land (HL) algorithm has greater 
uncertainty especially over bright surfaces. In addition, we’ve noticed that over the outflow regions the MISR DW DOD 
values are higher than the HL DOD (Fig. A). For example, higher DOD values are observed in the Atlantic Ocean, the 
Gulf of Guinea, the Persian Gulf, the Red and the Mediterranean Sea than over the adjacent coastal areas where the 
dust plume is actually coming from. This behavior is less expected, considering that a 10-year average DOD should 
decrease with distance from the sources, due to deposition mechanisms. This inconsistency appears to be due to an 
underestimation of the DOD values retrieved by the HL algorithm. Moreover, the great uncertainty of MISR over-land 
retrieval also results from the Coefficient of Variation (CV) map, which is defined as the ratio of the standard deviation 
to the mean DOD (Fig. B). Consequently, to avoid misleading results in the model assessment, we decided to use only 
the DW retrievals. 
 

This in no way implies that the MISR dust product is of lower reliability than the other two satellite datasets. In fact, 
not only does the AOD retrieval sensitivity decrease with the brightness for almost all satellite sensors – something 
already mentioned in the submitted manuscript –, but also MISR’s ability (as a multi-angle instrument) to discriminate 
dust from other aerosol types is better than single-view instruments like MODIS. 

 
However, in this study, except for MISR, we are not using products obtained directly from MODIS or IASI 

measurements, but datasets that were based on those products, i.e., MIDAS and AEROIASI respectively. In the 
submitted manuscript we present the uncertainties of both datasets and even perform our own comparison with 
AERONET, specifically for the temporal and spatial domain of interest. However, the distinction between areas of low 
and high uncertainty was not a matter of a single factor, as it was for MISR (i.e., surface type), in fact, the MIDAS land-
water uncertainty difference is insignificant. Therefore, it was decided to include the entire datasets in the model 
assessment and to specify in the manuscript the areas where uncertainties may affect the comparison results. 
 

https://doi.org/10.1029/2005JD006756


 
Figure Α: Mean MISR DOD for the period 2007–2016 

 
 

 
Figure Β: Mean MISR coefficient of variation for the period 2007–2016 

 
 
 

Revised Manuscript:  Section 2.3, lines: 202–205 / Revised Manuscript (marked-up version): 

 



Authors’ response to Anonymous Reviewer #2 
https://doi.org/10.5194/acp-2022-655-RC1 
 
The paper presents a thorough evaluation of the MONARCH regional dust reanalysis over North Africa, Europe, and 
Middle East in terms of comparisons to satellite and ground-based dust aerosol optical depth products (DOD). The 
presentation is well written and the figures—although complex—are relatively easy to read. I have only a few minor 
clarifications and two major points, though I don’t think they require extensive revision. 
 
We would like to thank Reviewer #2 for their positive feedback on our manuscript. Moreover, their comments not 
only did allow us to clarify some important findings, but also pointed out some additional ones. 
 
 
1) Line 153 - I am confused by the use of the word “ensemble” here and in the remainder of this paragraph. What 
ensemble is being referred to? The statistics presented later are data sets versus one another of the reanalysis versus 
the data sets. 
 
The word “ensemble” here refers to the output (analysis ensemble) of the local ensemble transform Kalman filter data 
assimilation scheme used for the production of the reanalysis.  More specifically, the MONARCH reanalysis has been 
produced by estimating model uncertainty from the realizations of the dust fields in an ensemble of MONARCH model 
calculations. Each member was generated using different meteorological initial and boundary conditions, and dust 
emission schemes, along with additional perturbations in the model emission parameters. A set of ensemble statistics 
has been calculated and archived for each reanalysis data set output variable, namely the analysis ensemble mean, 
standard deviation, maximum and median. More details about the whole procedure can be found in Di Tomaso et al. 
(2022). In our paper we are assessing the MONARCH reanalysis using only the DOD and coarse DOD ensemble mean. 
We revised the manuscript adding a few words about the ensemble. 
 
 

Revised Manuscript:  Section 2.1, lines: 156–162 / Revised Manuscript (marked-up version): 

 
 
 
2) Line 402 - I don’t agree “low RMSE” in the region being described. I see high RMSE in bottom left quadrant of, 
e.g., Figure 2j. 
 
The reviewer is right. Thank you for this remark! We actually did not refer in the manuscript to the stations located 
near the Gulf of Guinea where indeed MIDAS RMSE presents its maximum values. We modified the text by adding 
more information regarding the RMSE distribution near to the dust sources. 
 
 

https://doi.org/10.5194/acp-2022-655-RC1
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3) Line 406 - I don’t understand MISR shows smaller differences against AERONET in the regions indicated. It looks 
worse than MIDAS in terms of MB on the North African coast (comparing Figure 2g and 2h). 
 
Exactly! MISR shows larger differences against AERONET than MIDAS in the regions indicated. We actually wrote MB 
< -0.1 that in terms of absolute value means |MB| > 0.1, which is larger than MIDAS |MB|. We rephrased the sentence 
to clarify what we wanted to say there. 
 

Revised Manuscript:  Section 3.1, lines: 408–410 / Revised Manuscript (marked-up version): 

 
 
 
Two major comments: 
(I think the authors should address these two major points in their conclusions at least with a couple of paragraphs 
that expand on these ideas as the pertain to their study.) 
 
4a) I question the conclusion stated on line 737. The “gold standard” here is AERONET, and the comparisons in 
Section 3 make plain that MIDAS and AEROIASI underestimate AERONET AOD over source regions in both total and 
coarse DOD (MIDAS) and coarse DOD (AEROIASI). MONARCH is high AOD over those regions relative to MIDAS and 
AEROIASI, but still low compared to AERONET in both total and coarse DOD (Figure S3 and S7). Admittedly you don’t 
have the regional coverage from AERONET that the satellites provide, but still I think my assessment there is fair. 
 
The conclusion we stated (line 778 of the revised manuscript: “Quantitatively, according to the evaluation scores, the 
MONARCH reanalysis seems to simulate more emitted and less transported dust particles.”) is based on detailed 
analysis presented in the paper. We try in the following to make it clear addressing the different related points raised 
by the reviewer: 
 
I) MIDAS and AERONET total DOD are actually in a very good agreement over the dust source regions. 
 
Considering the comparison made between MIDAS and AERONET total DOD, MIDAS shows very good scores at stations 
close to the dust sources (Section 3.1 of the revised manuscript). In Fig. C we reproduce the 1st column of Fig. 2 of the 
manuscript only for stations where the AERONET DOD > 0.1 (i.e., sites of frequent dust events). In fact, MIDAS DOD 
shows very low biases and errors and high correlation in almost all the stations except for those three stations near to 
the coast of the Gulf of Guinea, something that we have already mentioned in the submitted manuscript (lines: 401–
402 of the revised manuscript, Section 3.1). 
 

Moreover, if we take a closer look at the stations that reside within the sub-region of Northern Africa (as defined 
in Fig. 1 of the manuscript), the results are even better. In fact, the average scores of 13 stations listed in Table A show 
that MB is insignificant (-0.03) and RMSE is very low (0.14) compared to the DOD observed by MIDAS (0.28) and 
AERONET (0.31), FGE is very low considering that its scale goes from 0 to 2, and lastly CC is remarkably high (0.90). 
Consequently, we can safely assess that MIDAS total DOD is highly trustworthy near the dust sources and especially in 
this sub-region. 
 



 
 
Figure C: MIDAS vs AERONET DOD only at sites that are affected frequently by dust events (mean AERONET DOD > 
0.1) 
 
 

Northern Africa 
(2007-2016; 13 sites) 

MIDAS AERONET 

DOD 0.28 ± 0.14 0.31 ± 0.14 

MB -0.03 ± 0.04 

RMSE 0.14 ± 0.04 

FGE 0.53 ± 0.25 

CC 0.90 ± 0.07 

 
Table A: Mean regional scores (± standard deviation) of MIDAS DOD compared to AERONET, computed from the 
validation results at 13 AERONET stations located in the sub-region of Northern Africa. 
 
 
II) MONARCH DOD is usually lower than AERONET DOD near the dust sources, but only over the AERONET stations, 
which are not representative of the whole region. The visualizations and the mean regional values of the MONARCH 
DOD scores can mislead. 
 
The reviewer questions the conclusion: “Quantitatively, according to the evaluation scores, the MONARCH reanalysis 
seems to simulate more emitted and less transported dust particles.”, noting that “MONARCH is high AOD over those 



regions relative to MIDAS and AEROIASI, but still low compared to AERONET in both total and coarse DOD (Figure 
S3 and S7).”. Indeed, Fig. 4g of the manuscript shows that in most parts of Northern Africa MONARCH DOD > MIDAS 
DOD, whereas in Fig. 4i we see that MONARCH DOD < AERONET DOD, at most stations of that region. The same 
conclusion can be drawn if we collate the regional values of NorAfr in Fig. S1 of the supplement (annual MB = 0.04) 
with the values in Fig. S3 (annual MB = -0.06). However, these results are not exactly comparable. MIDAS and AERONET 
have different spatial and temporal coverage, consequently they evaluate different sub-set of the MONARCH dataset. 
In fact, the MIDAS regional values (Fig. S1) represent thousands of grid points (pixels), whereas the AERONET regional 
values are derived from few stations, unevenly distributed across a region, which in turn represent only a tiny spot on 
the map, rather than tens of kilometers covered by the colored dots that we used on the AERONET maps for display 
purposes only. In the submitted manuscript (lines: 520–530 of the revised manuscript, Section 4.1.1) we provided 
more arguments trying to explain the discrepancies between the MONARCH regional scores derived from the 
comparison with AERONET and the satellites. 
 
 
III) The MONARCH evaluation scores over AERONET stations derived from the comparison with MIDAS and AERONET 
are actually quite similar. 
 
Here we make a straight comparison between MONARCH vs MIDAS MB and MONARCH vs AERONET MB at station 
level. In Fig. D we are using the results of Fig. 4g of the manuscript and we display only the pixels (pixel area ~ 10 km x 
10 km) that encloses the AERONET stations (where the AERONET DOD > 0.1). Now it is not clear anymore that 
MONARCH DOD > MIDAS DOD in Northern Africa because at most of the sites MB < 0. Moreover, the two maps of Fig. 
D are in a very good agreement. Particularly, all of the red dots on the MONARCH vs AERONET map (Fig. D bottom 
map) can also be found on the other map, and any quantitative differences that arise in the remaining Northern Africa 
sites are statistically insignificant. In fact, the average MONARCH MB of 14 sites located within Northern Africa equals 
to 0.01 ± 0.05 when compared to MIDAS, and it is -0.06 ± 0.07 when compared to AERONET (see plot on the right in 
Fig. D). 
 

This is a confirmation that the results obtained only at AERONET sites over source regions (slight underestimation 
of MONARCH) is not geographically representative of the whole source region and shows how much is important to 
extend the model reanalysis evaluation over a dataset more extended geographically respect to the AERONET golden 
standard. In conclusion, we can safely state that the MIDAS over land and the MIDAS+MISR over water total DOD 
datasets are reliable and that the reanalysis evaluation results from extensive areas, where no AERONET observations 
are available, are trustable. 
 
 
IV) The MONARCH MB results are questionable for coarse particles. 
 
The reviewer’s argument about satellites coarse DOD is valid. It is stated in the submitted manuscript several times 
that MIDAS and AEROIASI underestimate coarse DOD over the source regions (e.g., lines: 712 and 763 of the revised 
manuscript, Sections 4.2.2 and 5, respectively), therefore the MONARCH MB results are questionable for coarse 
particles (line: 786 of the revised manuscript, Section 5). Indeed, differences in how each coarse DOD dataset is defined 
and retrieved can introduce large uncertainties in the reanalysis assessment. For example, as noted in the manuscript, 
MIDAS uses a smaller cut-off radius (0.5 μm) than MONARCH, AERONET and AEROIASI (0.6 μm), additionally AEROIASI 
is more sensitive to particles with radius > 1 μm, whereas AERONET coarse DOD can be contaminated by sea-salt 
especially in coastal areas. 
 



 
 
Figure D: MONARCH vs MIDAS MB (top left) and MONARCH vs AERONET MB (bottom left) only at sites where AERONET 
stations are located and where AERONET DOD > 0.1.  Mean regional MONARCH MB (± standard deviation) (right), 
computed from the MB results against MIDAS and AERONET at 14 sites located in the sub-region of Northern Africa. 
 
 
4b) Comparing the numbers in Figure S3 and S7 for North Africa, there is also some insight into the coarse/total DOD 
partitioning in the model and data, as well as interesting aspects in seasonal variability (MONARCH goes from a 
ratio of 0.14:0.4 (35%) to 0.22:0.31 (71%) from MAM to JJA; AERONET goes from 0.19:0.48 (40%) to 0.26:0.39 (67%)). 
That’s pretty good and that seasonal change in the coarse:total DOD ratio seems like something to note. The authors 
are well aware of the recent body of literature on the “under appreciated” dust coarse mode, and MONARCH seems 
to be doing something robust there. 
 
We would like to thank the reviewer for pointing out this aspect. We revised the manuscript accordingly. 
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5) On the other hand, the gradient from land to ocean is noted as a discrepancy and there are at least two things 
there to consider. First, it seems notable that the data assimilation only corrects the model over land using the 
MODIS Deep Blue products. (An interesting aside: how do the data being assimilated compare to the AERONET data? 
This seems not to be considered here.) So if the data is correcting forward model biases over land that may be 
conveyed over ocean. Secondly, to those model biases, that models tend to deplete dust over land range transport 
too efficiently is I think also well known. Without an evaluation of the dust vertical profile it’s hard to tell what’s 
going on here. It’s also the case that some models are overly aggressive in loss processes, both dry and wet, and 
some statement of that to the effect of the budget of MONARCH compared to, say, AEROCOM models would be 
useful. 
 
Yes, indeed, only Deep Blue (over-land) MODIS coarse-DOD retrievals were assimilated for the production of the 
MONARCH reanalysis. The validation of this dataset is out of the scope of our manuscript and comparison between a 
previous version of this product and AERONET-derived DOD can be found in the cited paper Ginoux et al. (2012b, 
Section 4.1). 
 

We note that though the satellite DOD retrievals are present only over land, they had some influence on the analysis 
also over sea (in the proximity of the coast) according to the model background spatial covariance and limited by the 
observation radius of influence. As the reviewer has pointed out, the forward model biases that are corrected by the 
assimilation procedure might affect the transport. As shown in Di Tomaso et al. (2022, Figure 6), the largest positive 
or negative analysis increments obtained during the reanalysis production correspond to areas with the strongest dust 
load, i.e., to source regions and their vicinity. In particular, the large negative mean analysis increments point to an 
overestimation of some of the main sources’ strength in the forward model (e.g., Bodélé Depression in Chad; in the 
Saudi Arabia lowlands). This overestimation is corrected by data assimilation by removing mass from the atmosphere, 
which could affect long-range transport. 
 

Additionally, to having observational constraint essentially only over land, the gradient from land to ocean of the 
performance of the reanalysis could be attributed also to the forward model depositing dust too efficiently in the 
transport, as the reviewer correctly says.  As shown in Klose et al. (2021, in Table 7) the annual average lifetime of dust 
in MONARCH is approximately of 3 days (for the three dust emission schemes used in the reanalysis production), which 
puts MONARCH next to the AEROCOM models with a medium/low life time for dust according to, for example, 
Huneeus et al. (2011, Table 3). Assimilating observations also over sea would help in this respect, since observations 
could correct more efficiently possible model deficiencies in the transport and deposition. 
 

https://doi.org/10.1029/2012RG000388
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https://doi.org/10.5194/essd-14-2785-2022
https://doi.org/10.5194/gmd-14-6403-2021
https://doi.org/10.5194/acp-11-7781-2011


A study of the dust vertical structure could indeed help to investigate more in detail the performance of reanalysis 
and is already under preparation for a companion paper. Part of the co-authors team worked on it and in particular 
on the evaluation of the dust extinction profiles of the MONARCH reanalysis against ground-based (ACTRIS-EARLINET) 
and satellite lidar (CALIPSO-LIVAS) profile products. As the reviewer points, model intercomparisons, as the ones 
considered in AEROCOM, are useful exercises for understanding source of uncertainties and degree of variation 
between the state-of-the-art atmospheric models. Here it is worthy to mention that AEROCOM considers mostly global 
models while a regional configuration of the MONARCH model has been used for the production of the reanalysis. 
 

Following the reviewer’s comment, we have added the following sentence in Section 5 of the revised manuscript. 
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Authors’ response to Anonymous Reviewer #3 
https://doi.org/10.5194/acp-2022-655-RC2 
 
General comments 
This paper presents a thorough assessment of a novel atmospheric dust reanalysis dataset with unique 
characteristics (high resolution, dust properties). The assessment uses a combination of different satellite datasets 
(with different strengths and weaknesses, and with different information content) and ground-based observations 
(with limited spatial sampling). The combination of different reference datasets allows a meaningful assessment 
despite of the given limitations of each dataset. The analysis and the conclusions are thoroughly made and 
presented and altogether they support the high quality of the evaluated reanalysis dataset. 
 
The paper discusses a relevant topic (assessing the quality of a novel atmospheric dust reanalysis), since atmospheric 
dust has several strong impacts on the Earth system, human health and economic sectors. The comparison 
methodology applied is clearly outlined and follows the state of the art. Related work of the authors and the 
community are properly credited (while I note that the list of references is quite long). Title and abstract as well as 
the language (as far as I can judge as non-native English speaker) are well suited. The quantities used to assess the 
dataset quality are clearly defined in the Appendix. The authors have made a meaningful selection of the multiple 
elements in the study for the main paper and added the additional material in a supplement (the parts of which are 
also referenced in the main paper). 
 
The only significant improvement which I suggest, is an enhancement of guidance for a reader through the vast 
collection of evaluation steps done (see my first specific comment). This means a major revision (but likely not too 
high efforts) in terms of the paper presentation / structure, but only minor revisions in terms of its content. 
 
We would like to thank the Reviewer #3 for their positive feedback and specific comments which provided useful 
suggestions for improving our paper’s readability. We coupled all revision comments in this sense, however trying to 
avoid making the paper too long. 
 
 
Specific comments 
My main point is on the presentation / structure of the paper: The paper presents a rich set of analysis to assess the 
quality of the MONARCH reanalysis dataset. The authors have already made an effort to avoid overwhelming the 
reader by splitting of parts of the material into a supplement. However, even in the main paper as it is now a reader 
may easily loose the overview with so many different aspects. I therefore recommend for better guidance of the 
reader: 
 
1) to provide an overview table in the beginning of section 2 or in section 2.6 which lists the different analysis made 
(e.g. satellite validation, reanalysis assessment of DOD, coarse DOD, annual, seasonal, …) versus the various 

https://doi.org/10.5194/acp-2022-655-RC2


reference datasets used; this should include the analysis shown in the supplement and at the same time identify the 
placing in the paper (main paper or supplement) for each analysis element 
 
We added an overview table in Section 2.6, as the reviewer suggested. Thank you for the suggestion. 
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2) to add sub or sub-sub headings (e.g. for the section on DOD and coarse DOD) in the analysis and discussion 
sections 
 
We did that. Thank you for the suggestion. 
 
 
3) to add short titles to the figures to help a quick reader 
 
We added titles to all the figures except for the MONARCH domain map (Fig. 1). Thank you for the suggestion. 
 
 
Further specific comments: 
4) Some paragraphs do not seem to fit in the section they are presented in – they should be moved: 
- lines 274 – 287: should better become an overview at the start of section 2 or in section 2.6 (and there the overview 
table which I suggested could be added, too) 
- lines 347 – 357: should better be moved to the discussion section 
 
We changed the position of both paragraphs. The first was placed at the end of Section 2.5 to summarize the 
advantages that each observational dataset presented in the previous sections (2.2–2.5) brings to our study (lines: 
314–327 of the revised manuscript). 
 

The second paragraph was placed at the beginning of Section 4.2.1 (lines: 595–606 of the revised manuscript) to 
explain the possible reasons why the results of the reanalysis evaluation presented in Section 4.1.1 are not the same 



everywhere. On the contrary, in the regions where the differences between the observational datasets are mitigated 
and the evaluation scores are similar, the multi-sensor aggregation is favored, which is the subject of this section. 
 
 
5) In the abstract the tense is mixed up (mostly present, but at some places simple past is used, e.g. line 11) – this 
should be harmonized. 
6) In the abstract (line 24/25) relative bias are provided as fractions of 1, which can easily be mixed up with absolute 
AOD values. I therefore recommend to use %-values. 
 
We fixed both of them. Thank you for the remarks. 
 
 
7) In the introduction impact of atmospheric dust is summarized; I miss a statement on fertilizing the Amazonas 
here. 
 
We added a statement as the reviewer suggested. Thank you for the suggestion. 
 
 

Revised Manuscript:  Section 1, lines: 43–44 / Revised Manuscript (marked-up version): 

 
 

 
 
 
8) In summarizing the MONARCH reanalysis in the introduction, data assimilation of specific satellite datasets is 
mentioned. Can you add here which datasets are used, so that a reader can understand immediately in how far 
these are different from the datasets which are used for the evaluation in this paper. 
 
Apart from the Introduction, in Section 2.1 of the submitted manuscript we provided further details about the dataset 
assimilated in the reanalysis; please note the lines 146–151 of the revised manuscript. Specifically, the assimilated 
data are coarse DOD retrievals obtained from MODIS Deep Blue (over land) products, whereas the MIDAS dataset 
used for the evaluation was generated based on MODIS AOD data retrieved by merging products from different 
algorithms, namely Dark Target (over land and ocean) and Deep Blue (over land). We revised the manuscript adding 
this information. 
 
 

Revised Manuscript:  Section 2.2, lines: 170–171 / Revised Manuscript (marked-up version): 

 
 

 
 
 



9) Section 2.4: can you add a statement, why you chose this particular IASI dataset and what unique characteristics 
it has as compared to the IASI datasets provided by the operational Copernicus Climate Change Service / Climate 
Data Store (https://cds.climate.copernicus.eu/cdsapp#!/dataset/satellite-aerosol-properties?tab=overview). 
 
Unlike most IASI dust products (e.g., at Copernicus Climate Change Service), the AEROIASI dataset provides retrievals 
of both coarse DOD and dust extinction profiles that were used to assess the corresponding MONARCH reanalysis 
products. The present paper focuses on the evaluation of MONARCH DOD, and thus the comparison of the MONARCH 
reanalysis dust extinction profiles with AEROIASI is not included in this manuscript. Nevertheless, assessments of 
MONARCH coarse DOD with other IASI DOD retrievals (e.g., ULB) would also be useful and could be done in future 
work. The text was revised accordingly. 
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10) Figures 2 – 5: The top row images (2 per column) are too small to be able to see much in them (on paper) – please 
enlarge them both to the size of the other maps and place them one below the other on top of each column (this 
should still fit on one page) 
 
We modified the four figures as the reviewer suggested (see Figures 2–5 of the revised manuscript). Thank you for the 
suggestion. 
 
 
11) In many places you alternate “MONARCH” with “reanalysis” – for reader guidance I would find it easier to follow, 
if you keep “MONARCH” in all places 
 
We added the word “MONARCH” before the word “reanalysis” everywhere in the manuscript except where multiple 
repetitions of the expression “MONARCH reanalysis” in the same sentence/paragraph would make the text 
unreadable. MONARCH is the underlying model on which the reanalysis is based and to avoid misunderstandings it 
should not replace the word “reanalysis” in the text. However, for simplicity 's sake we use the expressions “MONARCH 
reanalysis DOD” and “MONARCH DOD” equivalently as we mention in the revised manuscript (lines: 166–167 of the 
revised manuscript, Section 2.1). 
 
 
12) Fig. 4 and 5: There is a strong land-sea contrast in the MB map for MIDAS, which I missed in the text – can you 
please add this 
 
We added a statement about this in the revised manuscript. 
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Technical corrections 
13) Line 52: delete “the” before “airborne aerosols” 
14) Line 76: better replace “data availability” by “measurement possibility” 
15) Line 79: better replace “e.g.,” by “and” (as there are two separate aspects in this sentence) 
 
We corrected them all. Thank you for the remarks. 
 
 
16) Line 119/120: I do not understand the statement iii) – can you please extend or reword to explain what this 
means? 
 
We rephrased and extended this part in the revised manuscript. 
 
 

Revised Manuscript:  Section 2, lines: 121–123 / Revised Manuscript (marked-up version): 

 
 
 
17) Line 131: better replace “-30° E” by “30° W” 
18) Line 151: you could add “profile” before “variables” 
 
We revised them both. Thank you for the suggestions. 
 
 
19) Fig. 1: should the area “Northern Europe” not better be renamed to “Northern and Central Europe”? 
 
Based on the reviewer’s suggestion we named the sub-region “North-Central Europe” and we replaced the old name 
in Fig. 1 and in the text. The acronym “NorEur” was kept the same. 
 
 
20) Line 175: can you add some quantitative information here (an average % value for example) 
 
We added it. Thank you for the suggestion. 



 

Revised Manuscript:  Section 2.2, lines: 181–182 / Revised Manuscript (marked-up version): 

 
 
 
21) Lines 178 – 187: I find this discussion of technical matching in UTC confusing, as the difference in local time is 
smaller – maybe you should point this out in addition 
 
We simplified the text because the explanation was indeed somewhat confusing. 
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22) Lines 244 and 260: the radius limits of 2 μm and 0.6 μm differ – can you please explain? 
 
In fact, there is a mistake in line 244, the value 2 μm refers to the diameter of the particles. The correct radius value is 
1 μm and we have revised the text accordingly. Thank you for that! 
 

Regarding the radius limits, the AEROIASI coarse DOD dataset considers the contribution of all dust particles with 
radius larger than 0.6 μm (even if it is more sensitive to particles with r > 1 μm) because the a priori size distribution 
that was used as input to the AEROIASI algorithm is the average single-mode distribution for the coarse mode (r > 0.6 
μm) of AERONET size distributions derived from Saharan stations. 
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23) Line 282: nighttime measurements: are they used at all in this paper? Please state explicitly. 
 



Yes! IASI passes over the MONARCH domain twice a day, at around 09:30 and 21:30 local time, as it was mentioned in 
the submitted manuscript (line: 230 of the revised manuscript, Section 2.4). Consequently, the AEROIASI dataset used 
in this paper is the only one that contains data from nighttime measurements. 
 
 
24) Lines 284/285: “usually” and “in most cases” duplicate their meaning 
 
We fixed this by keeping “in most cases” (line: 325 of the revised manuscript, Section 2.5). Thank you for this remark! 
 
 
25) Lines 300/301: this means that these cases are not used at all, correct? Please state this explicitly 
 
Exactly! We revised the manuscript accordingly. 
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26) Line 303: fine mode radius of 0.6 μm – you should mention / discuss the impact of the different definition 
elsewhere (0.5 μm; e.g., line 57) 
 
We changed the “i.e., larger” to “approximate larger” in line 57 of the submitted manuscript (line: 58 of the revised 
manuscript, Section 1), because r > 0.5 µm is not a strict definition of coarse particle size, but an example of what that 
radius might be. In fact, only MIDAS uses 0.5 μm as a threshold radius whereas all the others coarse DOD datasets 
(MONARCH, AEROIASI and AERONET) use 0.6 μm. The potential impact that these definitions may have on the 
comparison between MONARCH and MIDAS coarse DOD, was mentioned in the submitted manuscript (lines: 546–547 
and 710–712 of the revised manuscript, Sections 4.1.2 and 4.2.2, respectively). 
 
 
27) Line 304: can you mention that wildfires may lead to significantly high AOD values (versus sea salt with only low 
values)? 
 
We mentioned it. Thank you for the suggestion. 
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28) Lines 317/318: I do not understand this sentence, can you please reword? 
 
We rephrased the sentence. 
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29) Line 320: can you please add the number of stations which meet this criterion? 
 
We added it. Thank you for the suggestion. 
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30) Lines 505 – 507: can you add a reference for this statement? 
 
We added them. Thank you for the suggestion. 
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31) Line 709: please add “total column” 
 
We added it. Thank you for the suggestion. 
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