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This paper presents case studies of multi-wavelength lidar measurements of dust in-
cluding lidar ratio and angstrom exponent, adding to the published literature of case
studies for dust lidar measurements. In addition, the paper applies a microphysical
inversion scheme to retrieve volume concentration, effective radius and real refractive
index; however, these inversions are affected by known problems with the assumptions
which may affect the results. For instance, the authors use simulations to make a useful
demonstration that backscatter angstrom exponent is sensitive to wavelength depen-
dence of the imaginary refractive index, and that neglecting this spectral dependence
can result in large errors in retrieved quantities. The authors also point out potential
difficulties with the spheroidal model used to represent the optical properties of the
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dust particles and show that this prevents the effective use of depolarization measure-
ments in the retrieval. I find this paper to be useful given the importance of determining
dust optical and microphysical properties, and in particular due to the importance of
understanding the limitations of the tools currently available for determining them (and
for motivating increased effort in improving those tools if possible).

However this is not the first discussion of either of these sources of retrieval bias.
There’s a definite conclusion that spectral dependence of the imaginary refractive index
needs to be taken into account, but it’s not shown how to do that in this paper. It’s also
not clear that the results in this study really justify the use of the spheroidal model.
Instead of providing solutions to these difficulties, I believe the authors’ aim is to show
that some quantities can still be determined with acceptable accuracy even given these
major difficulties. The biggest issue I have with this manuscript is that this premise is
not clearly spelled out and is not well supported. I could be convinced that this may
be true in some circumstances, but I do not find enough supporting evidence in the
manuscript, or enough information to determine under what circumstances it could be
true. More discussion and supporting evidence for this assertion is needed.

More information about the uncertainties in the measurments and retrievals is also
needed, including error bars for all quantities at different altitudes, and also information
about the vertical resolution of the measurements and retrievals.

SPECIFIC COMMENTS

Page 4, line 13. Three references are given for the statement “For typical dust PSDs
the AERONET model provides lidar and depolarization ratios which agree reasonably
well with observed values”. I feel that these citations are misleading. The first pa-
per, Wiegner et al. 2009, is the only one of these three that actually addresses the
AERONET model. They find many limitations to the model and find that sometimes
the agreement is good and sometimes quite poor. Sometimes they can improve the
agreement only by shifting the refractive index away the measured values, which to my
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mind calls into question whether the agreement should be considered “reasonable”. I
can find nothing at all about the AERONET model in the second paper, Esselborn et al.
2009. The third paper, by Tesche et al. 2009, has no new information and only quotes
Wiegner et al. 2009 plus another paper which at the time was a future paper. I don’t
know if this future paper was published, but if so then this manuscript should probably
be using that reference rather than a secondary reference.

Page 4, line 14. What kind of results did these “first attempts” find?

Page 5, line 1-2. “more measurements are needed”. I certainly agree with this, but I
think you have even more strongly motivated the need for improved particle modeling,
both by your introduction and in the results and analysis that follow. You might consider
discussing this significant need in the conclusion section.

Page 5, line 3 ff. When first encountering this paragraph I was not familiar enough
with dust climatology in Africa to understand why a field mission would be designed
for this time of year. It would be helpful if you’d consider adding a sentence or two
about the meteorological/climatological conditions, with references, somewhere near
this paragraph in order to help other readers who are unfamiliar. For example, the
explanation of the Harmattan mechanism and references that were at the beginning of
what was section 4.3 of the original manuscript would be fine.

Page 6, line 4 ff. Are the micropulse lidar measurements used in this paper? If not,
then probably remove this section.

Page 7, line 6. Uncertainty in depolarization is estimated as plus or minus 15%. Since
depolarization ratio is often expressed as a percentage, “15%” could mean either ab-
solute or relative error. Please resolve the ambiguity.

Page 7, line 14. What is the vertical resolution of the backscatter, extinction, and
depolarization ratio measurements? Not the range bin size but the effective vertical
resolution: that is, how many independent measurements are in one of these profiles?

C3

Section 3. I found this analysis combining the aerosol and wind measurements, plus
back-trajectories, to be interesting. However, I also have some confusion about how
the lidar properties reflect the characterization of these airmasses. Adding additional
analysis such as was done with the other three case studies in sections 4 and 5 would
really help to strengthen the logical cohesion of the paper, to better understand this
observation, and also perhaps to improve the diversity of the case studies presented.

I am specifically confused about the near uniformity of the particle depolarization ratio
and lidar ratio in the observations from 15-16 April. Even where the airmass is being
described as “continentalized maritime” the particle depolarization ratio is in excess of
25%, perhaps implying a significant amount of dust even in this layer. Likewise, the
lidar ratio appears to be quite high everywhere, much higher than would be expected
for marine aerosol. Any comments about this?

Page 9, line 3 and Figures 1 and 4. It’s confusing that the labels for the layers in Figure
4 don’t match the labels A,B,C,D from figure 1. When “Layer B” is mentioned in the text
in the discussion of figure 4, it’s not clear whether this is Figure 1’s layer B or Figure 4’s
layer B.

Page 9, line 1 “during the first part of the observation period, it is lower”. Please
quantify. It’s difficult to read quantitative results off the color charts, so it’s important to
have numbers in the text.

Page 9, line 15-17, and Fig 5-7. Selections are made to guarantee major dust contri-
bution. I think this choice to filter for only dust cases makes these figures extremely
confusing. It would be much more helpful to have the full data set in the timeseries of
Figures 5-7, with the observations that are dominated by dust indicated by shading or
some other way. There is discussion about the variability of EAE and lidar ratio being
due to dust episodes, but since only dust cases are shown, it’s impossible to see the
full range of variability. And it’s confusing to attribute the variability within the displayed
data set to dust episodes when everything shown is a dust episode. It also makes it
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impossible to compare the lidar-observed values in Figures 6 and 7 with the AERONET
time series in Figure 5, since Figure 5 shows the complete time-series. This mismatch
undercuts the usefulness of including the AERONET timeseries. For example, there’s
no very clear correlation in Figure 6 between the extinction and the angstrom exponents
as there is in the AERONET time series, but I’m not sure if it’s really less correlated, or
if it just appears that way because of the missing data. Also, Figure 6 and Figure 7 do
not include the same number of points. Since both are supposed to be selected by the
same criteria, this seems like a simple oversight rather than intentional, but it adds to
the difficulty in comparing and interpreting the data in these figures.

Figure 6-7, continued: please clarify the error bars. One error bar is shown for each
lidar time series for the whole period, except LR355 which has none. Are the uncer-
tainties the same for every observation? What is the uncertainty for LR355? Describe
the error bars in the caption. Are they random or systematic, one sigma or two, etc.?

Section 4.2. It seems that all the case studies are pure dust, and all the depolarization
ratios shown in all figures are quite high, except where the extinction and backscatter
are lower perhaps implying there is not much aerosol at all. It would be useful to see
a contrasting case, if one exists. If there is no case with significant aerosol that is not
dominated by dust, then a case with a smaller dust fraction (perhaps the case from
Figure 4) would still be good to see. Without getting to see some dynamic range of the
measurements (again, except where the signal is much lower), it’s less convincing that
the measurements and retrievals are accurate. On the other hand, it may be that there
just is no other aerosol type present at that time and place at high enough concentration
to make much difference to the measurements. A fuller discussion of the instrument
accuracy and uncertainties, including complete error bars on the figures, would help
with understanding which variability is significant.

Page 11, line 8. This is a good point, and the following demonstration is useful. But
BAE is a non-monotonic function of particle radius even for spectrally constant complex
refractive index and spherical particles (i.e. just from Mie modeling). Is spectral depen-
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dence of the imaginary part of the refractive index the only way to achieve significantly
negative BAE?

Page 11, line 12. Does the real part have a spectral dependence as well?

Page 11, continued. The large negative BAE signature is present in this case but not
the previous case. Is this discussion meant to imply that there is spectral dependence
in the imaginary refractive index only in some of these cases? What is the explanation
for different dust layers having strong spectral dependence of the imaginary refractive
index in some cases but not others?

Page 12, line 2. I agree the study demonstrates the importance of accounting for spec-
tral dependence of the imaginary refractive index. Is it possible to do this using values
of EAE and BAE more similar to the measurements for this case, to demonstrate more
conclusively that this measurement case is in a regime where this effect is significant?

Page 12, lines 10-17. The upper layer where the intensive properties are different
appears to have fairly small extinction and backscatter, meaning less signal. Error
bars showing the uncertainties in the upper layers would make the attribution of this
variability to differences in aerosol type more convincing.

Figures 9, 11, 14, 15, 16. Again, more details about the error bars would be good.
Include error bars on all quantities at more than just one altitude and describe them in
the captions. The text suggests that the uncertainties vary; the figures should reflect
this.

Page 12, line 18. “The relative humidity on 10 April was higher than on 13, 29 March”.
Can you show RH for the other two cases also? Or at least quantify the values for the
earlier cases in the text.

Page 13, lines 10-11. Please specify, is this the same version of the algorithm you are
using in this study?

Page 13, line 13. Consider using a different acronym. It’s difficult to remember later if
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“S” is spheres or spheroids. Maybe NSVF for “non-spherical volume fraction”.

Page 14, line 4. It would be useful to show the AERONET comparison on the figures.

Page 14, 2-12. What is the AERONET non-spherical fraction? Does this support the
use of the assumption of 100% non-spherical fraction?

Page 14, line 17 and Figure 18. “the main features of the particle volume size distribu-
tion”. Can you be more specific about how much information is provided by inversion
about the size distribution (how many bins or coefficients) and how it’s obtained? These
size distributions seem surprisingly detailed for an inversion of just 5 pieces of informa-
tion. I suppose this is probably explained in an earlier paper, but a brief description of
the inversion (probably in a new section between section 2 and 3) would still be helpful
here in this paper.

Page 14, line 14. If the retrieved imaginary refractive index is unreliable due to errors
associated with a faulty assumption in the retrieval, what evidence is there that the
other retrieved variables are trustworthy? While I believe they may be, it doesn’t seem
obvious that this must be so. The question certainly deserves more discussion, if any
of the retrieval results are to be considered useful.

Page 15, line 14. “Assuming that results obtained using 3-beta plus 2-alpha data are
more representative of the actual values. . .” Similar to the previous comment: this
seems like a big assumption and very important to the analysis of the results. If the
measured depolarization ratio can’t be reproduced by the spheroidal model but we
want to believe the results of the inversion of backscatter and extinction only, then
we need to be convinced that the spheroidal model can at least correctly determine
backscatter and extinction. It seems that backscatter would be of particular concern,
since, as pointed out in the introduction “the spheroid model was not specifically de-
signed for lidar applications where scattering in the backward direction is considered.”
Indeed the introduction suggests that previous studies found that the spheroid model
also leads to errors in refractive index. Is there additional analysis that can be done to
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demonstrate the correctness of the inversion of the 3-beta plus 2-alpha data using the
spheroid model or to better characterize the errors?

Page 15 and Figure 19. What is the effect of these two experiments on other retrieved
quantities, like the volume concentration or the real refractive index?

Page 17, line 3. One of the conclusions is that for small enough depolarization the
3-backscatter + 2-extinction + 1-depolarization inversion permits the spherical/non-
spherical fraction to be estimated. This isn’t part of the analysis of the paper and there
is no real support for it here; it might be better to delete it. If it is kept, then besides
supporting it with further analysis, it would also be good to clarify whether this gives
more complete or more accurate information than the spherical/non-spherical separa-
tion that has been practiced for lidar measurements for over a decade (Sugimoto and
Lee, 2006; Tesche et al. 2009)

Figure 1, caption. What quantity is the “lidar signal”?

Figure 3, caption and annotation. It would be useful to explain the correspondence
between the four trajectories and the regions A,B,C,D from Figure 1.

TECHNICAL COMMENTS

Page 16, line 20. “Somehow” = “somewhat”

Figure 4, the labels on the color axis are too small.
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