
Replies to the comments from Anonymous referee #1: 
 
We would like to start the reply by thanking the referee for reviewing our manuscript. We 
thank you for sharing your insights, thoughts and opinions and we regret that you feel 
disappointed with our manuscript. We attempt to address your concerns. We have copied 
the comments into this document; the referee’s comments are in Times New Roman blue 
font while our answers are in Calibri black font. Line numbers refer to the version of the 
manuscript with track changes. The main body of changes done in order to address the 
referee’s comments can be found in the introduction section between L39-69, the whole 
section 2.5 regarding the POLIPHON method, and throughout the results sections, in section 
3.2.1 and 3.2.2.  

This paper is an attempt to relate several dust optical properties (lidar ratios, particle 
depolarization ratios, backscatter Angstrom Exponents, and extinction Angstrom Exponents) 
to the fraction of hematite in mineral aerosols. The authors use lidar measurements for the 
optical properties and the COSMO-MUSCAT model for the hematite fractions. Since the 
hematite fractions are not measured and modeling the mineralogy of aeolian dust is presently 
not robust, it is unsurprising that the correlations between the measurements and the model are 
rather poor.  

I am not sure why the authors think that the mass fraction of hematite has an effect on the 
scattering field of atmospheric dust, even if they had measured the mineralogy (instead of 
modeled it). Hematite fractions are quite low in mineral aerosols,  generally less than ~5% by 
mass. Thus, varying hematite from its minimal mass fraction (0%) to its maximal mass fraction 
(~5%) does not alter the real refractive index or the scattering field significantly. And indeed, 
that is how it turned out -- the correlations presented here are quite poor. 
 
We agree with the reviewer that hematite fractions vary in the order of about 5% (Formenti 
et al., 2014). That variation has been documented with changes in the absorption capacity of 
dust by modifying the imaginary part of the complex refractive index (CRI) (Alfaro et al., 2004; 
Balkanski et al., 2007; Kandler et al., 2009; Lafon et al., 2004, 2006; Sokolik and Toon, 1999; 
Wagner et al., 2012). Following these published works, no change in the real part of the CRI 
is measured, while on the other hand, Schuster et al. (2012) points to variations in the real 
part of the CRI from AERONET dust measurements. However, the optical properties measured 
with lidar, especially the lidar ratio, depend on both, the real and imaginary part, next to other 
parameters like size distribution and shape, and thus a change in the optical properties due 
to changes in absorption capacities is generally plausible. With regards to our manuscript, we 
don’t perform absorption calculations in our studies and we do not suggest a variation in the 
real part of the CRI. We bring together lidar measurements and modelling results regarding 
hematite. We make this now clearer in the introduction as stated below. 

As stated above, published works suggest that the backscattering properties, and thus also 
the lidar ratio, of dust change with changes in the imaginary part of the CRI (De Leeuw and 
Lamberts, 1987). This effect has been measured in the laboratory by Miffre et al. (2020) for 
the variations of the imaginary part of the complex part of the CRI as measured by DiBiagio 
et al. (2019). Hence, we are following the literature on the effect of the hematite fraction on 



the optical properties measured by a state-of-the-art aerosol lidar. We have added that 
information in the introduction to clarify our approach; see further L38-44. 

  
On the other hand, hematite and the other iron oxides are responsible for nearly all of the 
absorption in mineral dust, so one would expect some significant variability in the single-
scatter albedo (SSA) or mass absorption efficiency (MAE) associated with the mass fraction 
of hematite. Unfortunately, the SSA and MAE are not discussed in this paper (probably because 
they are not available from lidar measurements).  

We agree, SSA and MAE are not directly available from lidar measurements, which is stated 
in Section 2.2, line 217. Furthermore, the influence of changes in hematite on these quantities 
have been measured, and documented before. For references see measurements by DiBiagio 
et al. (2019) and recently in the modelling study by Zhang et al. (2024). 

The POLIPHON method is layed out in 3 steps, but it lacks details and requires much hand 
waving. A brief review needs to be provided with enough details for the reader to understand 
what the authors are doing and the associated uncertainties. For instance, in Step 1 (line 254) 
the authors say "The initial step involves separating the particle backscatter coefficient based 
on the particle linear depolarization ratio." How? What depolarization thresholds are you using 
to separate fine and coarse (if that is how you are doing it), and how do you separate fine dust 
from fine non-dust? In step 2, lidar ratios are estimated based upon their probable origins (how 
determined? a model?). Step 3 is an extinction to mass conversion that is based upon 
AERONET climatologies, but again, no reported conversion factors nor any details of how 
they were obtained. Then the authors state that an "advantages of this method is that it does not 
require a dust particle shape model in the data analysis since it relies solely on the measured 
optical properties." This is not true, though, since AERONET needs to use the spheroid optical 
model and a density assumption to relate aerosol mass to extinction. 

Many thanks for bringing this to our attention. We have added more details regarding the 
coefficients used for the POLIPHON method and clarifying from where these numbers come 
from We added the used coefficients to ensure replicability, so, thank you for pointing it out 
that they are missing. That AERONET uses the spheroid optical model in order to calculate 
volume mass fractions is true and we have acknowledged it so. The body of modifications 
done to this section can be found in section 2.5 between L292-340 plus Table 1 now contains 
all the coefficients used for applying the POLIPHON method.  

There are way too many references to figures in other work in this paper (twice on line 52, lines 
125, 272, twice on line 281, lines 423, 426). This is laziness, in my opinion, and as a reader I 
do not want to search through a bunch of extra journal articles to read a paper -- a paper needs 
to stand on its own merits.  

We are sorry to hear that our preciseness in referencing bothers you and would like to explain 
why we decided to provide such detailed references. We decided to point the reader directly 
to the figures published in the framework of the referenced works in order to allow for direct 
access to the referenced results rather than only providing the references in a general way. 
Those figures are used as reference and they are not needed to understand our manuscript, 
but some reader may find it helpful to be directed in a precise way. We disagree that the 
manuscript does not stand in its own merits.  



To sum up, the authors don't provide any physical basis to explain why the hematite mass 
fraction should be related to the extinction, linear depolarization ratio, or Angstrom exponents. 
So this paper is really an epidemiology study. However, the optical parameters that the authors 
chose are not physically related to iron oxide content (and the authors have not tried to 
demonstrate this), so the epidemiology study did not show any skill between the parameters  (as 
expected). Thus, this paper is not suitable for publication, in my opinion. 

If the authors truly want to demonstrate a relationship between iron oxide fractions and 
aerosol optical properties, they need to 
 
1.) replace the model in this paper with measurements, and 
 
2.) choose dust optical properties that are sensitive to absorption (e.g., SSA).   

 
We revised the manuscript to make it clearer and provide a physical basis  why the hematite 
mass fraction is affecting dust backscattering properties, showing up in the lidar ratio, particle 
depolarization ratio and backscatter-related, lidar ratio-related Angstrom exponents. 
Furthermore, we state why these properties might be related to iron oxide content. We 
apologize that this was not clearly communicated in the first version of the manuscript. We 
hope we were able to improve on the clarity of the presentation of our study.  

 
Line items: 

Line 69, Authors state: 

"Given that previous studies demonstrated the impact of iron oxides on the extinction 
(absorption plus scattering) properties, particularly in the UV-VIS specturm, this project 
hypothesizes that this effect will manifest in the lidar measured intensive optical properties at 
355 nm and 532 nm wavelengths." 

What previous studies? If true, these need to be cited. Personally, I have never seen papers that 
link hematite content to extinction. Hematite is typically less than 5% of the total dust mass, so 
I would be surprised if the variation of hematite from 0-5% has a significant effect on the 
extinction.   

We agree that this sentence may be confusing, and hence we have removed it and stated 
clearly that our aim for the project is to investigate the impact that the modifications of the 
complex refractive index due to variations in the hematite content have on the backscattering 
properties of dust by means of the lidar ratio and the backscatter-related Ångström exponent 
(L82-88). 

Line 83, Authors state "Gonçalves Ageitos et al. (2023) found that GMINER dataset fairly 
reproduces iron oxide content for the Sahara Desert." Looking at Fig 11 in Goncalves (2023), 
I have to disagree.  

Thank you for pointing this out. We wanted to refer to the hematite mass content instead of 
the iron oxide mass ratio. We have changed the sentence accordingly and provide the exact 



panel of the figure we are referring to in L102. Furthermore, the authors discussed the 
representativeness of the mineralogical dataset for the region with more detail in their 
Section 5.3.3. 

Lines 275-280: A rather strange partitioning of fine-to-coarse dust mass concentrations is 
described: 
fine/coarse > 11%  
9% < fine/coarse < 11% 
fine/coarse < 9% 

Can the authors demonstrate that their fine/coarse partitioning is accurate enough that it makes 
sense to define a range of only 2% for the 'intermediate' fine/coarse dust mass concentrations? 

We have added a couple of disclaimers throughout the manuscript, pointing out that even 
though the 2% range is not inside the uncertainty range, we make that division in an 
exploratory effort in order to see if we could isolate the effect of the hematite variation on 
the intensive optical properties by constraining size differences between the dust particles 
found in the layer. Those sentences can be found in Section 2.5, L341-357 and in Section 3.2.2, 
L593. Thank you for pointing out that clarity was missing.  

Figure 7: Figure 7 showes the correlation coefficient (r) and presumably the coefficient of 
determination (R^2) for each panel. How come r^2 is not equal to R^2? 

Thank you for pointing out this discrepancy. Reviewing the results, we have found a typo in 
the Pearson correlation coefficient and p values calculations that resulted on correlation 
coefficients that are not weighted, while the R-squared calculation is a result of a weighted 
linear regression analysis. As a result, we have opted for just using the R-squared parameter 
to analyze the results. Modifications can be seen in both Figs.7 and 8, Table 3, and throughout 
the result sections 3.2.1 and 3.2.2. 

Line 396-398, Authors state:  "Despite thesmall sample size, particularly in cases with larger 
proportion of coarse particles (just six samples),  the strong correlation coefficient suggests a 
meaningful relationship between the hematite fraction and lidar ratio, at least so for the VIS 
portion of the spectrum at 532 nm." 

A strong correlation coefficent does NOT necessarily suggest a meaningful relationship when 
the sample size is small.  

We have changed the wording regarding the analysis of those results. The changes are found 
in Section 3.2.2, L528-537.  
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Replies to the comments from referee #2, Ali Omar 
 
We would like to start the reply by thanking Ali Omar for his review, and furthermore for the 
thoughtful, well-structured and comprehensive revision of our manuscript. All the comments 
and insight are very much appreciated, and have helped to improve the manuscript. We have 
copied the comments into this document; the comments are in Times New Roman blue font 
while our answers are in Calibri black font. Line numbers refer to the version of the 
manuscript with track changes.  
 

Summary 

This is an excellent paper that will contribute to the reduction of uncertainties in the radiative 
effects of dust due to insufficient knowledge of dust properties, an in particular the composition 
of the dust and its effect on optical properties. It highlights the importance of understanding 
the mineralogical content of dust, particularly the role of iron oxides like hematite, which affect 
the dust's optical properties. The study uses lidar measurements and atmospheric modeling to 
explore the relationship between hematite content and dust's optical properties, such as the lidar 
ratio and Ångström exponent. The findings suggest that while there is a positive correlation 
between hematite content and certain optical properties, the relationship is complex and 
influenced by particle size and composition. The study emphasizes the need for further research 
to better understand these interactions and improve the accuracy of dust's radiative effect 
estimates in climate models. 

Methodology of Data Selection 

The methodology for selecting data in the dust study is systematic and well-structured, focusing 
on ensuring that the data is relevant and reliable. Below we acknowledge some strengths and 
potential areas for improvement:. 

Strengths: 

Multi-step Approach: The use of a three-step process (AERONET data, PollyXT 
measurements, and COSMO-MUSCAT simulations) ensures a comprehensive selection of 
dust-dominated cases. 

Quality Control: The focus on data from specific campaigns (JATAC) with rigorous quality 
control and cross-validation enhances the reliability of the data. 

Seasonal Consideration: Selecting data from summer months when Saharan dust transport is 
most pronounced helps in capturing significant dust events. 

Clear Criteria: The use of specific criteria (AOT and Ångström exponent) for filtering 
AERONET data ensures that only relevant dust events are considered. 

Areas for improvement 

Controlling for variations in intensive properties 



The correlation between lidar parameters and hematite might be influenced by changes in the 
size distributions of the aerosol layers or the optical thickness of the layers considered for the 
study. Controlling for these by using layers of comparable optical depths and size distributions 
will eliminate any influence of the variations in these properties 

We appreciate the suggestion since it is important to try to isolate physical parameters that 
might influence dust intensive optical properties in order to observe the effect that 
composition has on them. We calculated the AOT per dust layer from lidar particle extinction 
coefficients at 532nm. Furthermore, we tried clustering dust layers by similar AOT, but we 
realized that this would not precisely isolate particle size differences within the dust layer, 
since similar mass loads can arise from different particle size distributions. Nevertheless, we 
wanted to share the clustering analysis:  

 

Figure 1. Mean values for 20 dust layers separated regarding their AOT values at 532nm: (a-b) dust layers with AOT below 
0.2, (c.d) dust layers with AOT above 0.2 and below 0.4. Hematite fraction are shown in the x axis and three intensive optical 
properties are shown in the y axes per graph. Lidar ratios (a,c: S355, b,d:S532) are shown in color coded dots. Triangle symbols 
represent the particle linear depolarization ratio (a,c: d355, b,d:d532) and the Ångström exponents are depicted by the 45° 
tilted “Y” symbols (a,c: ÅE(b)355/532, b,d: ÅE(a)355/532). All the standard deviations of the measurements are shown in their 
error bars. The color coding of the lidar ratio depends on the fine-to-coarse fraction in percentages obtained from the 
POLIPHON method. 



Figure 1 illustrates the separation of dust cases based on their AOT at 532nm, derived from 
the lidar measurements.  Interestingly,  the positive correlation with the backscatter-related 
Ångström exponent is visible for both clusters.  

 

For the size distribution control suggestion, it is important to take into account that the size 
distribution that can be derived from lidar retrievals would be dependent on a spherical shape 
assumption, resulting in further uncertainties. We have not done this for the study since we 
already have size segregation tool via the POLIPHON and the provided fine-to-coarse ratio.  

Additionally, we analyzed the simulated particle size distributions (PSDs) for all dust layers. 
We compared the simulated PSDs to each other, considering the fine-to-coarse groups 
defined in the manuscript. This comparison revealed significant differences among the 
simulated PSDs across all groups. However, when we compared the dust layer both mass 
concentrations with POLIPHON results and the lidar-derived AOTs at 532nm with the 
simulated AOTs at 550nm, it became clear that the model does not always accurately 
represent dust layer mass concentrations and mass loading. As a result, some simulated PSDs 
may also be inaccurate. Given the varying accuracy of the modeling results, we suggest that 
grouping dust layers based on their simulated PSDs may introduce even greater uncertainty 
than the size segregating approach proposed in the manuscript.  

Cloud Influence: While cloud screening is mentioned, the methodology could benefit from a 
more detailed description of how cloud interference is minimized or accounted for in the data 
analysis. In particular how does cloud contamination in the data manifest itself in the results. 

Thank you for the suggestion, we have added a more detailed explanation of how the manual 
cloud screening is performed and what could happen if clouds do appear in the retrievals. The 
modifications can be found in L258-264 in Section 2.3. 

Temporal and Spatial Resolution: The methodology could discuss the temporal and spatial 
resolution of the PollyXT and COSMO-MUSCAT data to ensure that the selected cases are 
representative of broader dust transport patterns. 

We have added a more detailed discussion regarding the temporal and resolution differences 
between the PollyXT and COSMO-MUSCAT in Section 2.1, L130-134. We have further added a 
sentence on the repercussions of those differences in the results analysis part in Section 3.1.2, 
L429. Furthermore, we have added a comparison with AOT from AERONET stations across the 
region reinforcing that the selected cases are representative of the broader dust transport 
patterns. In regards with the cases being representative of broader dust transport patterns, 
we have added a sentence while analyzing the results in Section 3.2, L451.  

Model Validation: While the COSMO-MUSCAT model is used to confirm dust layers, 
additional validation against independent datasets could strengthen the reliability of the model's 
outputs. 

Thank you, as a result of your suggestion we have added the AERONET AOT at 550nm 
comparisons that can be found in the Appendix A. The results of this comparison are discussed 



in Section 3.2 between L448-459 and the comparison itself can be found in the Appendix A, 
Figs. A1 and A2. 

Potential Bias: The focus on specific periods and locations might introduce a bias. Expanding 
the study to include different times and regions could provide a more comprehensive 
understanding of dust transport and its properties. 

We agree and therefore encourage to broaden this study to have both, more case studies and 
investigating other dust regions of the world. We now point towards this in the conclusions 
section in L619-622. Nevertheless, the inclusions of other regions and more case studies are, 
at the moment, outside of the scope of this particular study.  

Overall, the methodology is robust, but incorporating additional validation steps or at least 
discussing and acknowledging the potential bias and expanding the scope could enhance the 
study's comprehensiveness and applicability. 

Thank you, we have added further discussion on biases and encourage to expanding the scope 
for subsequent studies.  

 
 


