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We thank very much the anonymous referees for their very helpful comments,
which have helped us to improve the manuscript. Below are our responses to their
comments, and a list of relevant changes. Referees’ comments are included in bold,
changes to the text in the manuscript are included in italics.
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Referee 1

When reading the title I had the impression the paper was going to discuss
visible light imagery since these wavelengths actually produce a perception
of color. Perhaps using the term “infrared color” or other wording to indicate
infrared wavelenghts are the main focus, given that “false” color is being used.
1) We thoroughly agree that the word ‘infrared’ belongs in the title. We have placed
the word towards the end of the title, just before ‘imagery’, so that the title is now: “The
influence of dust optical properties on the colour of simulated MSG-SEVIRI Desert
Dust infrared imagery ”.

Page 4 line 2: to clarify, the B beam is just a scaled tb10.8 value while the R and
G beams use actual differences between channels.
2) This is true, the blue beam is a scaled brightness temperature value within a
specified range, whereas the red and green beams are scaled brightness temperature
differences. This sentence has been reworded slightly to clarify this.

Page 4 line 11: were only cases chosen where the blue beam equals 1, or were
the values normalized somehow?
3) No data are present within Figure 2, this is simply a representation of the colours
available as a function of the red and green beams, with the blue beam fixed to
its maximum value of 1. However, this is a more pertinent issue with respect to
Figure 9 (now Figure 10), which does use observation/retrieval and simulation data.
The vast majority of points which go into these comparisons have blue values of 1,
but not all do. This subset of data is from the summer daytime cloud-free Sahara,
so the apparent surface temperature is almost always greater than the maximum
of 289 K in the blue range (Equation 4). Of the 4,227,973 points in the SEVIRI
dataset subsample, 493 (i.e. 0.012%) have blue values less than 1. Meanwhile in
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the VO73 simulations, 2,311 of the 5,984,864 points (i.e. 0.039%) have blue values
less than 1. The minimum SEVIRI blue value is 0.74, while the minimum VO73 blue
value is 0.54. We do not screen out those points which have blue values of less than
1. Three extra sentences on this have been added to the third paragraph of Section 5.2.

Page 4 lines 20-30: Would it be possible to label locations of various dust types
within figure 8 or another figure?
4) Broadly speaking within this work it is not possible to identify dust types by location.
The VO73 dust, for example, is a composite dust type analysed from samples taken
in Barbados of transported dust, possibly originating from multiple locations within the
Sahara. Most dust events are unlikely to correspond precisely to any one dust type,
depending on the mixing state. However, we are happy to mark the relevant countries
and locations on Figure 1, to provide more geographical context.

Page 10 line 27: Does the particle aspect ratio also affect the backscatter frac-
tion, by enhancing the phase function as we approach 180 degrees scattering
angle? This does happen at visible wavelengths so I wonder if this also applies
with the IR?
5) The aspect ratio does indeed change the backscatter parameter in the IR, actually
having a tendency to decrease the backscatter parameter with increasing aspect ratio.
This is especially the case for the larger size bins. In the figure on p. C11 we plot the
normalised VO73 dust phase functions, for the three MSG-3 SEVIRI channels in the
respective columns, and with the five rows indicating the bins from 1-5. The lines are
colour-coded by aspect ratio for horizontally-orientated dust: blue is AR = 1, green
is AR = 1.7, and red is AR = 2. The resultant back-scatter parameter (bpr) for each
combination is written in each panel, as are the values of the scattering parameter x.
The smallest particles have backscatter parameters closest to 0.5, i.e. they display
the greatest symmetry, while the largest particles are the most forward-scattering.
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The particles in bins 1 and 2 have radii much less than the wavelength, and so more
closely approximate the Rayleigh regime. Meanwhile bin 3 has x values approximately
equal to 1, while bins 4 and 5 have x values of rather greater than 1, at which stage the
particle sizes are within a similar range as the wavelengths. Hence the smallest bins
are very insensitive to particle shape, whereas the largest bins display more sensitivity.
Within the manuscript, Figure 6 (now Figure 7) has now been adapted to include the
variability of the bpr values with aspect ratio for bin 3, and an extra paragraph has
been included in the relevant discussion in Section 3 (quoted below). As mentioned in
the paragraph introducing Figure 7 in the text, this is the bin with the highest average
extinction values.
“The back-scatter parameter (bpr) shown in Figure 7(d) decreases slightly with
increasing aspect ratio, especially for larger particles. The phase functions for the
smallest bins (not shown) are very symmetric about the sideways scattering angle
of 90◦, giving rise to bpr values of 0.49-0.50, values which are insensitive to the
aspect ratio. Bin 1 is especially close to the Rayleigh regime for scattering, for these
wavelengths. In the case of bin 3, where the scattering parameter x has values
between 0.79-1.09 for the three SEVIRI channels, increasing the aspect ratio causes
a slight increase in the forward scattering and hence the bpr values decrease slightly.
If a particle is particularly forward-scattering, then the outgoing thermal radiation will
be comparatively unaffected by it, leading to reduced dust effects simulated at TOA
when the bpr values are low.”

Page 11 line 27: Wording could be “It is also important”
6) We agree that adding the word “also” helps to clarify the meaning of this sentence:
it has now been added.

Page 18 line 27: With the mention of needed 3-4 more orders of magnitude of
coarse dust, is this mainly due to the smaller mass concentration, smaller area
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to volume ratio or some other factors? It seems the scattering efficient Q should
be high enough for coarse particles.
7) This is mainly due to the mass concentrations being very low for the coarsest
particles in bin 5, however it is clear that the extinction efficiencies are important. The
figure on p. C12 shows the extinction efficiencies for the five size bins, for the MSG-3
channels. It is actually not the case that the extinction efficiencies for bin 5 are much
greater than for the other bins, in fact at 10.8µm the efficiency is greater in bin 4 than
in bin 5 for all dust types, for example. Recall that in Equation 7 these efficiencies are
divided by the effective radius and multiplied by the mass concentration as simulated
by COSMO-MUSCAT. It is also important to recall that the magnitude of the extinction
does not give the complete picture, the relationships between the channels are also
of vital significance. As a rule-of-thumb, in these plots for a given bin, if the bar at
10.8µm is greater than the bars for the other two channels, then the more dust there is
in this bin the greater the pink colours that will be produced in the imagery. In bin 5 this
spectral contrast is very low for all dust types, in particular compared to the contrasts
in bin 3 for the VO73 and SO99 dust types. See also the response to reviewer 2.

Is it possible that consideration of other channels in the shorter IR and visible
wavelengths would further help to constrain aerosol properties with satellite
imagery? There are papers that talk about both visible and IR that might be
considered as references such as this one: Correlated IR spectroscopy and
visible light scattering measurements of mineral dust aerosol. Perhaps this can
also be highlighted as future work?
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2010JD014389
8) This is a relevant reference, which we now mention at the beginning of the second
paragraph in the introduction: “While visible and IR channels can provide complemen-
tary information about atmospheric dust (e.g. Meland et al., 2010), over bright desert
surfaces there are particular challenges for dust imaging and quantification with visible
channels.”
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Referee 2

1. The representation of the size distribution of dust and the sensitivity to the
coarse fraction is not discussed. In the paper it is shown that the fifth bin above
about 8µm in diameter as simulated by COSMO-MUSCAT basically do not con-
tribute to the dust load. I wonder how this compares to field observations of the
size distribution in particular from FENNEC close to source regions. Moreover,
and based on the comparison with field observations, a sensitivity of the results
to the coarse size of dust should be added in the paper.
1) The significance of the size distribution is an important point, which Figure 5 has
explored, by means of the integrated extinctions (AOD) subdivided both by refractive
indices and by size bin. It is however worth exploring in more detail.
The figure on p. C13 is an extended version of Figure 5, with panel (f) now becoming
the new Figure 6 in the updated manuscript. This shows average COSMO-MUSCAT
size distributions over BBM, compared with fitted values derived from Fennec mea-
surements. The blue bars are the averages for the bottom 5 km of the atmosphere, a
typical daytime boundary layer depth over the Sahara in summer, indicating the likely
height-range of well-mixed dust. Meanwhile the red bars are the averages for the bot-
tom 1 km, on the basis that coarse particles especially are not expected to travel high
into the atmosphere. It is a valuable comparison to perform, showing that the presence
of coarse mode dust in the atmosphere is poorly represented by COSMO-MUSCAT, a
general problem for dust transport models.
The coarse mode of dust, as represented by bin 5, is of order 106 times less than that
indicated by the measurements. Panel (h) adapts the total in panel (g) to include the
total AOD that would be produced if the mass in bin 5 were multiplied by this factor of
106 (‘extra coarse’). There is a noticeable slight increase in the AOD values. However
if we consider the inter-channel differences in AOD (panels (i) and (j)), which are more
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indicative of the changes in the infrared colour, then this addition of extra coarse dust is
not so significant. In both of these panels, the greater the positive value of the channel
differences, the stronger pink colours that would arise. Adding extra coarse dust would
have the effect of increasing the reduction in the green beam for the VO73 and SO99
dusts, but otherwise the differences are still quite subtle.
We would argue that this sensitivity study is a small distraction to the flow and the
overall message of the paper, so we will keep Figure 5 as it is, and add the size dis-
tribution plot as a new Figure 6. This figure provides important information about the
size distributions going into the radiative transfer simulations, and so we also describe
it in Section 3 (quoted below).
“The average COSMO-MUSCAT dust size distribution over BBM is plotted in Figure 6,
displayed in terms of the number density distribution. The blue bars are the averages
for the bottom 5 km of the atmosphere, a typical daytime boundary layer depth over the
Sahara in summer, indicating the likely height-range of well-mixed dust. Meanwhile the
red bars are the averages for the bottom 1 km, exploring the height range that coarser
particles are expected to be constrained to. For comparison, lognormal fitted distribu-
tions to aircraft measurements made during the Fennec campaign in June 2011 over
western areas of the Sahara are overlaid (Ryder et al., 2013). COSMO-MUSCAT bin
3 is broadly in agreement with the fitted measurements, whereas bins 1 and 2 have
slightly higher number density values. In contrast, the simulated number density in bin
5 does appear to be too low by several orders of magnitude. That the coarse mode
is under-represented is in general an issue in dust modelling, which has been noted
before in comparisons with measurements (e.g. Ansmann et al., 2017). Note also,
however, that the aircraft measurements display a particularly high degree of variability
in the coarse mode compared to the smaller size ranges. Considering Figure 5, if the
bin 5 AODs are multiplied by a factor of 106 then these IR AODs would be more equiv-
alent to those simulated in bin 2; however the contrast between the channels is weak
(panel (e)), so even such an increase in concentrations would not much perturb the IR
colour in the imagery.”
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2. When comparing the different refractive index datasets in Figure 4, it is
evident a strong difference at 10.8 and 12µm between Volz, Sokolik, and OPAC
data compared to the new laboratory estimates of the RI. This difference may
strongly impact the results of this study. I wonder if this is not due to a bias of
some of the datasets at some wavelengths. This is for instance discussed for
OPAC at 12µm due to the large assumed quartz content for this dataset, but I
would like a similar discussion also for the strong Volz peak at 10.8µm. Is this
strong peak reasonable or the dataset is biased/shifted in wavelength compared
to the other datasets due to differences in the retrieval procedure or other? I
suppose this point should be better addressed given that the sensitivity to the
refractive index is the core of the paper.
2) We agree that further discussion of the potential biases in the refractive indices
at various wavelengths would be valuable. Figure 4 has now been enhanced by
including two panels which show the refractive index databases at their original
spectral resolutions, to indicate the level of variability in their values as a function of
wavelength. Superimposed also are the SEVIRI channel filter functions, indicating
the significance of their widths. Together with these extra panels we add an extra
paragraph of discussion in Section 3 associated with Figure 4, quoted below. With
reference to Di Biagio et al. (2017), we discuss some of these differences in the
imaginary part of the refractive index. “Comparing the databases, all of the dust types
have peaks in the value of k between approximately 9 and 10µm. These peaks lie
close to the ozone absorption band, which forms the focus of the SEVIRI 9.7µm
channel, not used for dust observation purposes due to the ozone absorption at higher
altitudes. The VO73 dust has a particularly wide peak, centred at the relatively high
wavelength of 10.2µm, which causes the convolved value of k to be particularly high in
the SEVIRI 10.8µm channel. DB17 suggest that the VO73 and OPAC dust types have
overestimated k values above 11µm, in the quartz absorption band, a feature which
may well lead to unreasonably high values in the SEVIRI 12.0µm channel. They also
note the influence of the clay absorption peak, at ∼9.6µm, on the wavelength peak
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of the VO73 dust: this appears to be an important difference between the VO73 and
the DB17 dust types, a difference which impacts on the 10.8µm channel convolved
values.”

3. On the same line, I would appreciate that all the refractive index datasets are
included in Fig. 9. I have the impression looking at this figure that the BT is
overestimated at 10.8µm in the Volz dataset and I wonder if this is not linked to a
possible bias of the Volz dataset at 10.8µm compared to all the other estimates
of the dust RI used in the paper.
3) Figure 9 (now Figure 10) with all of the RI databases would produce a very busy
plot, but it is possible to create it. This version of the plot is presented on p. C14.
It is apparent from panels (b), (d), and (f) that the DB17 points generally overlap each
other in the middle of the plot. The SEVIRI circles, VO73 triangles, SO99 squares, and
OPAC diamonds produce the lines which traverse the greatest extent in colour.
We believe that the inclusion of all of the RI databases muddles the plot and makes
it less clear, hence we do not propose to include this version of the plot in the paper.
However, we are happy to include the DB17-Algeria dataset as an example of the
DB17 RIs, and so this will be the new version of Figure 9 (now Figure 10). An extra
sentence is included in the manuscript to describe the behaviour of the DB17-Algeria
dust on this plot, quoted below:
“Meanwhile the DB17-Algeria dust has short colour-tracks and hence displays
relatively limited colour ranges, approximately following the SO99 pattern over low
emissivity surfaces and the VO73 pattern over the higher emissivity surfaces: the
limited colour range is an inevitable consequence of the weak extinctions and spectral
contrasts apparent in Figure 5.”
It is not clear that it is the VO73 TB values at 10.8µm which are overestimated,
if anything it is possible that they are underestimated compared to the other dust
types. These are the solid red bars in the middle of the bar charts (2 < AOD
< 3), which are lower than all of the other dust types but still much higher than
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the black SEVIRI bars. At the lowest AODs there is a very persistent offset be-
tween the high SEVIRI and the low simulation TBs, probably a consequence of low
biased skin temperatures in the simulations (see original manuscript p.14, lines 20-24).

The right panel of figure 9 is not very clear to me; please, better explain its
content and message.
4) Figure 9 (now Figure 10) is indeed a very busy plot, which is discussed at length in
Section 5.2. We have tried to define the concept of the figure completely in the caption,
however in the third paragraph of Section 5.2 we now include the sentence: “Each
point in these panels indicates the average colour that is produced from a subset
of brightness temperature data, for the specified dust type and within the specified
ranges of AOD and surface emissivity.” We hope that this makes the core purpose of
the figure clearer, since we suspect that this is the missing link in the explanation. For
extra clarity, we also now mark the AOD ranges corresponding to each colour on panel
(d).

I agree with the other reviewer in asking to add the word “infrared” in the title.
5) As with point 1 by reviewer 1, we very much agree that the word ‘infrared’ should be
in the title. It is now included.

Interactive comment on Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2018-48,
2018.
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Fig. 1. Phase functions as a function of particle size and wavelength (see p. C3).
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Fig. 2. Extinction efficiency as a function of particle size and wavelength (see p. C5).
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Fig. 3. IR AODs including extra coarse dust (see p. C6 for details).
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Fig. 4. Update to Figure 9 in the ACPD version, including more dust types (see p. C9 for
details).
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