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Reviewer #2 
General comments. 

 

This manuscript describes a method to apply the super-spheroid model to simulated aerosol 
particles and investigate their non-sphericity. To this aim, the authors draw on their previous 
work and assess the uncertainties introduced by model-dependent data interpretation. In this 
case, they could explain their contribution to aerosol science more clearly. The authors use the 
super-spheroid model to mimic experimental data, then proceed to interpret such data with a 
look-up table (LUT) generated with the same model while comparing the results with those 
obtained with a LUT based on the spherical model. Although mentioned in the introduction, 
other numerical models are not considered for data analysis. I am not sure how generalizable 
the results of this work actually are. The main weaknesses I see in the work are that it uses the 
same model as an input and an interpretation framework and that it does not directly confront 
the spheroidal model. Even though the spherical model is the benchmark for interpreting 
experimental data, going one step further would make this simulation work more complete. 
Overall, I am afraid that several (key) parts of the manuscript are not clear enough and would 
suggest revising its written form. I would also suggest, to improve readability, revising the use 
of the past tense (it is sometimes hard to tell what precedes this work and what is part of it) and 
the typesetting of equations and variables. I address the manuscript's sections with some 
comments followed by a selection of notes on specific lines. 

Thank you for your comprehensive feedback. We appreciate your insights and suggestions for 
improving the clarity and completeness of the manuscript. We have made improvements based 
on your feedback: 

1. The spheroid-based LUT:  

We selected the inhomogeneous super-spheroid model as the baseline case to represent realistic 
dust aerosols in laboratory experiments. The shape of this model exhibits comparable non-
sphericity with actual dust aerosols, as depicted in Figure 12 of the revised manuscript. We 
incorporated the homogeneous super-spheroid LUT because it shares the same shape as the 
baseline case. This inclusion helps in understanding the uncertainties when inversion models 
align with the target (dust aerosols). Furthermore, we introduced other numerical models-based 
LUTs, such as the spheroid-based LUT, in Section 3.4 to facilitate deeper investigation and 
comprehensive discussion. 

2. Tense and Typesetting Revisions:  

We revised the use of past tense and adopted present tense to describe the numerical simulations 
and results in our work. Additionally, we adjusted the typesetting of variables for improved 
readability. For example, ‘RI1’ has been changed to ‘RI(super-spheroid)’ and ‘RI2’ to 
‘RI(sphere)’. 

3. Abstract and Summary Enhancement:  

We have revised the abstract and summary to make them more effective and concise, ensuring 
they accurately reflect the key findings and contributions of our study. 



Abstract. 

I believe it is longer than it needs to be while not serving its purpose quite effectively. After the 
first few introductory lines, it reads more like an excerpt of a discussion section than a concise 
synopsis of the authors' work. A key point is that the manuscript is about numerical rather than 
experimental results, which is not clear from either the abstract or the title. 

Thank you for your feedback. We appreciate your insight into the length and effectiveness of 
the manuscript. We have endeavored to ensure that the abstract provides a concise and clear 
synopsis of our numerical research findings. 

The abstract has been revised as follows: 

“Mineral dust particles are nonspherical and inhomogeneous; however, they are often 
simplified as homogeneous spherical particles for retrieving the refractive indices from 
laboratory measurements of scattering and absorption coefficients. The retrieved refractive 
indices are then employed for computing the optical properties of spherical or nonspherical dust 
model particles with downstream applications. This study theoretically investigates 
uncertainties involved in the aforementioned rationale based on numerical simulations and 
focuses on a wavelength range of 355 to 1064 nm. Initially, the optical properties of 
nonspherical and inhomogeneous dust aerosols are computed as baseline cases. Subsequently, 
the scattering and absorption coefficients of homogeneous spheres and super-spheroids are 
computed at various refractive indices and compared with those of inhomogeneous dust 
aerosols to determine the dust refractive index. To mimic the real laboratory measurement, the 
size distribution of the baseline case is assumed to be unknown and determined through a 
process akin to using optical particle counters for sizing. The resulting size distribution differs 
from the original one of the baseline cases. The impact of discrepancies in size distributions on 
retrieving the dust refractive index is also investigated. We found that these discrepancies affect 
scattering and absorption coefficients, presenting challenges in accurately determining the 
refractive index, particularly for the real parts. Additionally, the retrieved refractive indices are 
noted to vary with particle size primarily due to differences in size distribution, with imaginary 
parts decreasing as the particle size increases. A comparison between sphere and super-spheroid 
models shows that the former tends to underestimate the imaginary parts, leading to an 
overestimation of single scattering albedo. This study underscores the importance of employing 
consistent nonspherical models for both refractive index retrieval and subsequent optical 
simulation in downstream applications. Nevertheless, the impact of refractive index 
uncertainties on asymmetry factor and phase matrix is found to be minimal, with particle shape 
playing a more significant role than differences in the imaginary parts of the dust refractive 
index.” 

 

lines 15) If the authors want to elaborate on the 'realistic' and 'ideal' scenarios in the abstract, a 
brief explanation of these terms should be given. 

Thank you for your suggestion. We have decided to omit the references to the 'realistic' and 
'ideal' scenarios in the abstract. The corresponding statements have been revised accordingly. 

 

line 17) discrepancies among which distributions? 

The discrepancies in size distribution between the inversion models and the baseline case. We 
have revised the statements. 



“…The resulting size distribution differs from the original one of the baseline cases. The impact 
of discrepancies in size distributions on retrieving the dust refractive index is also investigated.” 

 

line 23) why should they? 

It means that the uncertainties in the imaginary part and single scattering albedo in the 
numerical simulations is not higher than 0.002 (0.0007) and 0.03 (0.01), respectively, under 
conditions of high (low) absorption. 

We have refrained from using these expressions in the revised abstract to avoid potential 
misinterpretation of the results. Thank you for bringing this to our attention. 

 

line 25) I am not sure it fits in the abstract, but the authors should discuss somewhere what they 
consider a large variation in the asymmetry factor. 

The significant variation in the asymmetry factor can be attributed to the variations in the real 
parts of the refractive indices. However, it is important to note that the disparity in the 
asymmetry factor between the sphere model and the super-spheroid model is primarily caused 
by differences in shape. We have removed the sentence about the variation from the abstract. 

In line 539 of the revised manuscript: 

“Significant variations are observed in the asymmetry factor at wavelengths of 865 nm and 
1064 nm for M-E1 and M-E3 (Figure 10). These variations are attributed to the variations in 
the real parts of the refractive indices. To simplify the discussion, the refractive indices 
retrieved from the homogeneous super-spheroid models are referred to as RI(super-spheroid), 
while those from the homogeneous sphere models are referred to as RI(sphere). Below 865 nm, 
the real parts of RI(sphere) are set to the default value of 1.52 for M-E1, and the same is done 
for RI(super-spheroid) for M-E3 as the target values deviate significantly from the values in the 
look-up table. However, at 865 nm and 1064 nm, the target values fall within the look-up table, 
and the extinction coefficients are well matched in M-E1 and M-E3. Despite this, the retrieved 
real parts deviate significantly from the value of 1.52.” 

 

line 26) I am afraid this sentence may be misleading as it can be understood only after having 
read the whole article. 

Thank you for your feedback. We have made revisions to the sentence accordingly.   

 

Introduction. 

Overall, the contextualization of the models mentioned here could be improved. There are too 
few references about the state of the art the authors are motivated to expand upon. 

Thank you for your valuable suggestions. We acknowledge the importance of providing 
sufficient references to the state of the art to enhance the comprehensiveness of the 
contextualization. We have revised this section based on the comments below. 

When reading the central body of this section, many references point to the limitations of the 
spheroid model applied to experimental data: one could expect this to be the main motivation 
of this work. Yet the matter is not elaborated further. The authors should state more clearly 



what they mean by 'revisiting the laboratory measurements' using a numerical method. Since 
they are producing simulated data, they can control every parameter involved in the study, 
therefore, they can check the assumptions they make as to why some results are inconsistent. 

Thank you for your insightful feedback on this section. It is indeed crucial for us to clarify the 
main motivation behind our work. In revisiting the laboratory measurements using a numerical 
method, we aim to explore the implications of inversion models possessing the same shape as 
the target particles and conduct a thorough theoretical examination of uncertainties arising from 
principles in laboratory measurements of mineral dust refractive indices at short wavelengths. 
Furthermore, we aim to investigate the consistency in optical properties between realistic dust 
aerosols and homogeneous models. We have articulated these points more clearly in the revised 
version of the manuscript. 

line 36) please shortly define the 'super-spheroid model' and the rationale behind its 
introduction. The super-spheroid model requires more parameters than the spherical model, 
therefore, it can better fit experimental data by design. Its advantages should be better argued, 
given the aim of this work. 

Thank you for your suggestion. We have modified the expression: 

“Among these models, the spheroid model is commonly used in remote sensing applications. 
To improve upon the spheroid model, the super-spheroid model, which extends the dimensions 
of both the sphere and spheroid models, has been proposed to provide a more comprehensive 
framework for describing the shape of dust particles. Initial studies have shown that 
homogeneous super-spheroid dust models align well with laboratory measurements… ” 

 

line 45) I assume the authors mean the volume-equivalent diameter, but many definitions of 
this parameter are possible. 

Yes, the geometric diameter here means the volume-equivalent diameter. We have added a 
parenthesis to make this clear. 

“…laboratory measurements by optical particle counters could underestimate the geometric 
diameter (volume-equivalent diameter) of dust aerosols…” 

 

line 55) more recent studies might be drawn to support this statement. 

Thanks. We have added more recent studies to support this statement. 

“However, ample evidence has demonstrated that assuming a spherical shape leads to 
significant biases in the optical properties of irregular dust aerosols (Bi et al., 2010; Castellanos 
et al., 2024; Dubovik et al., 2000; Mishchenko et al., 2000; Nousiainen and Kandler, 2015).” 

 

line 58) please provide more examples of studies on this topic. 

Thank you for your suggestion. We have provided more examples. 

“Several studies have utilized spheroid models to obtain the refractive indices of irregular dust 
aerosols. Dubovik et al. (2000) examined the bias of such an assumption during retrieval of the 
optical properties for nonspherical dust particles from Aerosol Robotic Network (AERONET) 
sun and sky radiance measurements. They considered realistic dust aerosols represented by 



spheroid models. However, the retrieval of the real parts of the refractive indices failed in most 
cases, while the imaginary parts could only be obtained with relatively large uncertainties under 
certain circumstances when using the Lorenz-Mie theory. Furthermore, when utilizing spheroid 
models for retrieval, achieving a good fit of the measured scattering matrices still required 
altering the shape combinations of spheroids, emphasizing the pivotal role of model shape in 
the retrieval of microphysical properties of nonspherical particles (Dubovik et al., 2006). 
Recently, spheroid models have been integrated into a sophisticated aerosol inversion algorithm 
known as the Generalized Retrieval of Aerosol and Surface Properties (GRASP). This 
algorithm facilitates the retrieval of refractive indices, size distributions, axis ratios, and vertical 
volume concentrations for dust and other aerosols (Dubovik et al., 2014, 2021). Besides, 
Veselovskii et al. (2010) conducted a comparison of retrievals of dust microphysical parameters 
using sphere and spheroid models. The findings revealed that the utilization of sphere models 
resulted in an underestimation of the real parts of the refractive indices and increased the 
uncertainties of other parameters. Bedareva et al. (2014) retrieved the microphysical and optical 
properties of dust aerosols from Sun-Sky radiance measurements using spheroids and compared 
them with the AERONET retrievals. The former mostly aligned with the AERONET results. 
However, the neglect of spectral variability in refractive indices led to an overestimation of 
both the real and imaginary parts of the refractive indices. Wagner et al. (2012) set the real parts 
of the refractive indices to 1.53 and retrieved the imaginary…” 

 

line 82) this assertion may need further elaboration. 

We have revised this assertion. 

“However, these uncertainties can be systematically investigated through numerical 
simulations. In this context, the inhomogeneous super-spheroid models can be considered as 
realistic representations of dust aerosols, serving as the baseline case with predefined 
microphysical properties. On the other hand, the homogeneous super-spheroid models, sharing 
identical shapes with the inhomogeneous counterparts, are used to illustrate an ideal scenario 
where inversion models match the shape of the target particles. Additionally, sphere models are 
used to emulate situations similar to the approach for retrieving refractive indices from 
laboratory experiments of optical properties. Within numerical simulations, all parameters can 
be adjusted, providing the advantage of discerning the sources of uncertainties and identifying 
the most influential factors that affect the results. The primary objective of this paper is to 
explore the implications of inversion models possessing the same shape as the target particles. 
Additionally, we aim to conduct a thorough theoretical examination of uncertainties that arise 
from principles in laboratory measurements of mineral dust refractive indices at short 
wavelengths. Furthermore, we investigate the consistency in optical properties between realistic 
dust aerosols and homogeneous models with retrieved refractive indices to examine the model 
performance” 

 

Experimental design. 

The fact that this work does not involve actual measurements but consists of numerical 
calculations is a defining feature. This paper should, in my opinion, state its scope more clearly. 
I am fully persuaded of the importance of simulative research, which is why I would advise 
against using the name "dust sample" or "measurement" for what is a numerical model. While 
I share the authors' point of view, I'm afraid that obtaining experimental data with the 
instruments they mention involves more than just truncating the integration interval or tuning 
some parameters to address a non-ideal scenario. I would go into greater detail about the 



assumptions the authors make to generate the population of particles they then proceed to study. 

Thank you for your insightful feedback. We have provided further clarification regarding the 
scope and nature of the numerical simulations in this study. We refrained from using terms like 
"dust sample" or "measurement" to accurately reflect the nature of our simulations. 
Additionally, we have included a statement at the beginning of this section to clearly emphasize 
that this study consists solely of numerical calculations and does not involve laboratory 
measurements. Moreover, we have revised the introduction to the procedures in the numerical 
simulations to provide detailed explanations of the assumptions underlying our numerical 
models and how we generate the particle population for study. 

 

The authors might consider moving lines 156–175 at the beginning of the 'Experimental Design' 
section. 

Thank you for your suggestion. This section provides a detailed description of the 
inhomogeneous super-spheroid models, including the composition and the refractive indices 
for each component. We believe it is appropriate to include these details in this section (2.2 
Model and computational method) as they contribute to a comprehensive understanding of the 
models. 

 

line 99) please explain what 'inhomogeneous' stands for. 

We have added a short description for the inhomogeneous model. 

“The inhomogeneous super-spheroid dust models, internally mixed with several minerals (see 
Sect. 2.2), are considered as the baseline case, mimicking the dust samples used in the 
laboratory experiments.” 

 

line 118, 230–235) I believe that the process of changing or correcting the size distribution 
requires some more explanation. 

We have implemented modifications to enhance the clarity of the size distribution conversions. 

“The size conversions between the sphere models and the super-spheroid models can be 
expressed as shown below: 
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in which 𝐷!"# = 𝐷!"#,%&'"(" ∙ 𝐶) , representing the geometrical diameter for the 
inhomogeneous or homogeneous super-spheroid models. Then, the size distributions for the 
super-spheroid models (𝑑𝑁 𝑑𝐷!"#⁄ ) (in Error! Reference source not found.b) are 
derived from the size distributions for the sphere models (𝑑𝑁 𝑑𝐷!"#,%&'"("⁄ ) using Eq. (3). For 
a specific size parameter, the 𝐷!"# for super-spheroids are smaller than those for spheres. 

Different from E3/E4 scenarios, the size distribution for all models (sphere, homogeneous and 
inhomogeneous super-spheroids) in E1 and E2 are assumed to the same. The size distribution 
in E1 and E2 are…” 

 



line 124) here the authors refer to unavoidable technical limitations that are easily taken care of 
rather than defects. On the other hand, modeling possible stochastic or systematic experimental 
errors would be surely interesting. 

Thank you for the clarification. We have revised the term ‘defects’ to ‘unavoidable technical 
limitations’. In this study, we assumed a relative uncertainty of 8% in the scattering coefficients 
and 30% in the absorption coefficients. While modeling possible stochastic or systematic 
experimental errors is intriguing, we did not consider stochastic experimental errors as our main 
focus is to assess the assumption of spherical models for dust aerosols. 

 

figure 1) I am not sure how fair it is to compare results from the spherical-based LUT with 
those from the super-spheroid LUT since the input dust itself is generated with the super-
spheroidal model. Alternatively, an ellipsoid-based LUT would be interesting. 

Thank you for your suggestion. We have utilized the super-spheroid LUT because the super-
spheroid model shares the identical shape with the baseline case, aiding in understanding the 
uncertainties if the inversion models align with the target (dust aerosols). Additionally, we have 
included a spheroid-based LUT in Sect. 3.4 to analyze the results as the inversion model varies. 

 

line 137) why were these specific aspect ratios (geometries) chosen? 

We observed that equiprobable aspect ratios ranging from 0.5 to 2 are appropriate for fitting 
the measurements of dust aerosols using the super-spheroid models. However, conducting light 
scattering calculations for the inhomogeneous super-spheroid model is exceedingly time-
consuming and demands substantial computational resources. Consequently, due to these 
resource constraints, we restricted our selection to three aspect ratios for the super-spheroid 
models. Our investigation revealed that models employing these chosen aspect ratios yield 
optical properties comparable to those derived from models utilizing equiprobable aspect ratios 
(see Figure R1). To elucidate our rationale, we have provided additional explanatory remarks 
regarding the selection of these aspect ratios in the manuscript. 

“Additionally, three aspect ratios (0.5, 1.0, 2.0) are considered. Although we have observed 
that equiprobable aspect ratios ranging from 0.5 to 2 are appropriate for fitting the 
measurements of dust aerosols using the super-spheroid models (Lin et al., 2018), we restrict 
our selection to three aspect ratios (0.5, 1.0, 2.0) for the super-spheroid models due to 
computational resource constraints. Nonetheless, models employing these chosen aspect ratios 
yield optical properties comparable to those derived from models utilizing equiprobable aspect 
ratios.” 



 
Figure R1. The phase matrices (with integration on the size distribution) of the homogeneous super-spheroid models 
with various aspect ratios.  

 

line 159) please provide some references supporting this statement and some further comments 
on how the refractive index distributions were set. 

We have added the references and reworded this statement. 

“We choose the sample from Algeria for our study because it has a medium iron content, which 
closely approximates the mean values of the global average (Di Biagio et al., 2019; Go et al., 
2022).” 

For the inhomogeneous models, the refractive indices for different minerals were allocated to 
distinct parts of the models (Wang et al., 2023). We believe the refractive index distributions 
you mentioned pertain to the refractive index range utilized for retrieval. We have included 
comments elaborating on why the refractive index range was set to 1.40-1.70 for the real part 
and 0.0001 to 0.015 for the imaginary part, as suggested. 

“In the optical database for homogeneous sphere and super-spheroid models, the real part of 
the refractive index ranges from 1.40 to 1.70 at intervals of 0.01, while the imaginary part varies 
from 0.0001 to 0.015 at steps of 0.0001. These values are determined based on literature values 
of refractive indices (Di Biagio et al., 2019 and references therein).” 

 

line 197) the geometric diameter should be defined earlier in the text. 

Thank you for your suggestions. We have provided an explanation within parentheses for the 
geometric diameter at its initial usage. 

“…optical particle counters could underestimate the geometric diameter (volume-equivalent 
diameter) of dust aerosols…” 

 



line 204) the retrieval of the size distribution is a crucial step of data inversion and should be 
considered as a factor influencing final results. Given the numerical nature of the work, this 
could be investigated. 

We agree with that. The conversion from the optical diameter obtained by OPC to the geometric 
diameter is crucial and necessary. The statements about the experiments in the manuscript may 
be unclear and misleading. In this study, the experiment E1 represents the situation that the 
geometric size of the inhomogeneous model can be accurately obtained. Then the homogeneous 
super-spheroid model and sphere model use the same size distribution as the inhomogeneous 
model. While the experiment E3 represents the situation that the size of inhomogeneous model 
can not be obtained directly, but is measured by the OPC. The optical diameters obtained by 
OPC are further converted into the geometric diameters of the homogeneous super-spheroid 
models and the sphere models. Therefore, the differences in the results in E1 and E3 help us to 
investigate the impact of the retrieval of the size distribution on the retrieved refractive indices. 

For clarity, we also have added a short description of the size correction in the section 2.1 
Overall procedure. 

“In the numerical simulations, we have incorporated two correction processes based on the 
actual laboratory experiments. The first correction is the size correction, which is employed to 
determine the geometric size of the particles from imaginary OPC measurements…The second 
correction is the scattering truncation correction, which is associated with the unavoidable 
technical limitations in measurements of scattering coefficients.” 

 

line 216) please describe more in depth the observed biases. 

We have added more discussion about the bias in retrieving the size distribution and the 
paragraph has been rewritten. 

“The 𝐶)  values of the inhomogeneous models are about 8% lower than those of the 
homogeneous models. This suggests that the bias in retrieving size distribution for 
inhomogeneous and irregular particles is not only caused by the difference in model shapes, 
but also by the imperfect representation of inhomogeneity. According to Eq. (2), any disparity 
in the microphysical properties (e.g., shape, absorptivity) will result in a difference in 𝐼%./ , 
ultimately leading to a bias in 𝐶) values. However, the variation in model shapes leads to a 
dominant bias when using sphere models for retrieval. The use of incorrect refractive indices 
for the conversion of size can introduce biases in the converted particle size when comparing 
homogeneous and inhomogeneous models. Prior values of refractive indices are crucial for 
accurate size conversion. Sensitivity studies have shown that the conversions are much less 
sensitive to n than to k. The change in absorptivity results in significant variations in the 
scattering cross section, as dust aerosols exhibit moderate absorption in the visible band. The 
first guess values of 𝑘 is essential. We consider the literature values in this study (Di Biagio et 
al., 2019). However, the literature value is not the sole option, the first guess values of refractive 
indices can be optimized through an iterative retrieval. The retrieval can start with a rough guess 
value and then obtain a more precise value. The retrieved values can be used as new prior values, 
and the retrieval can be repeated until optimal values are obtained. To maintain consistency 
with the laboratory studies (Di Biagio et al., 2017b, 2019; Ryder et al., 2013), we do not 
consider this iterative retrieval to obtain the size distribution. The conversion factors for 
homogeneous models and inhomogeneous models are typically similar if they have comparable 
absorptivity. For instance, the inhomogeneous super-spheroid models showed similar trends to 
the low-absorbing homogeneous super-spheroid models in which k = 0.001 (Error! Reference 



source not found.a, b).” 

Results and discussion. 

I would be more cautious about the generality of the conclusions that may be drawn from this 
work, having its design in mind. It is certainly valuable to provide some links to experimental 
work by adapting the premises and parameters of the simulations, yet I wouldn't say the E4 case 
covers them completely. The authors state that defining the size of irregular particles 
necessarily leads to discrepancies. I see it is a critical step but it lacks the insights it deserves. 
With all the input parameters being known (unlike field measurements), the analysis could be 
more aware and detailed than it is at present. This comes to mind when they attribute the 
observed discrepancies to differences in the size distribution, for instance. 

Thank you for your valuable feedback. We acknowledge that the E4 case may not fully 
represent laboratory experiments. Our numerical simulations offer insights into how 
uncertainties arise and their potential extent, serving as a reference for experimental studies. 
We have revised Section 3.4 and conducted additional investigations to provide more detailed 
interpretations of the observed discrepancies, particularly regarding differences in size 
distribution. For detailed information, please refer to the revised manuscript. 

 

line 316) the authors point out the limited range of the LUT more than once. Is this a critical 
limitation? If so, would it be feasible to extend it, even if it were to include unlikely values of 
the refractive index or size? 

We highlighted that the scattering and absorption coefficients of the baseline case (target values) 
exceeded the range of the look-up tables for the inversion models to underscore the significantly 
large bias. We chose not to extend the LUT, as doing so would have minimal impact in reducing 
this substantial bias, and the computational cost for the light scattering calculation of 
nonspherical particles is high. Figure R2 depicts the original LUT and the extended one created 
by the sphere models with real parts ranging from 1.20 to 1.70. Despite the extension, the target 
values remained uncovered by the LUT. The bias is primarily attributed to the discrepancy in 
size distributions. 

 
Figure R2. The original LUT and extended LUT (the real part) created by the sphere models. In the original LUT, 
the real part of the refractive index ranges from 1.40 to 1.70 at intervals of 0.01, while the imaginary part varies from 
0.0001 to 0.015 at steps of 0.0001. In contrast, the expanded LUT features the real part of the refractive index ranging 



from 1.20 to 1.70 at intervals of 0.01, while the imaginary part remains unchanged. 

 

line 318) why are the uncertainties this large? 

The uncertainty of the scattering coefficients is set at 8% in this study, as indicated in Sect. 3.1 
(Lines 290-291 in the original manuscript). Nevertheless, as particle size increases, the 
scattering coefficients exhibit reduced sensitivity to variations in the real parts of refractive 
indices. Consequently, when compared with the range of scattering coefficients in the look-up 
tables, the uncertainty (8%) appears disproportionately large. 

We have added an explanation of why the overall dimensions of the look-up tables decrease 
with increasing size at the beginning of Sect. 3.1. 

“Error! Reference source not found. illustrates the scattering and absorption coefficients of 
the baseline case (target values), as well as the look-up tables for the super-spheroid models 
and sphere models in the simulation scenarios of E1 and E2. It is noteworthy that the overall 
dimensions of the look-up tables diminish with increasing size. As the particle size increases, 
the scattering coefficients become less sensitive to changes in the real parts of the refractive 
indices. This phenomenon can be explained by the optical theorem, which states that the 
extinction cross sections(including scattering and absorption cross sections) are approximately 
twice the geometric projected area as the size increases, regardless of the refractive indices 
(Liou, 2002). However, the absorption coefficients are significantly influenced by the 
imaginary parts, which in turn affect the scattering coefficients.” 

 

lines 322 and ff) it might be redundant to mention a model that gives even larger discrepancies, 
I would rather try to quantify the extent to which the definition of size could affect the results.   

Thank you for your suggestion. In the manuscript, we used the geometric diameter (volume-
equivalent diameter) to describe the size of sphere models and super-spheroid models. The 
optical properties between these models were generally similar at small sizes, resulting in close 
retrieved refractive indices. We also mentioned the effective radius (diameter) as a size 
descriptor for non-spherical particles. The selection of a size descriptor was crucial for size 
correction and optical property calculation. According to Saito and Yang (2022), the effective 
radius is the most suitable size descriptor for non-spherical particles. Therefore, we verified the 
results using the effective radius. However, the effective radius calculated for the super-
spheroid model was significantly smaller than the volume-equivalent radius. The optical 
properties of sphere models calculated using the effective radius were smaller than those of 
super-spheroids. This suggests that the geometric diameter is a better size descriptor for 
retrieving refractive indices using sphere models. 

Figure R3 illustrates that look-up tables for sphere models do not cover the 'truth value' at small 
sizes (S) when the effective radius is used. For size L (Figure R4), the differences between the 
sphere models and the actual values are even greater. It is challenging to accurately quantify 
this effect because the discrepancies vary with the size of the models and wavelengths. 
Therefore, we have presented a range of 50-70% for this. The original expression (lines 322 
and onwards) has been corrected as follows: 

“However, we find that the discrepancies are even larger when the effective radius is used. The 
effective radius is smaller than the geometric radius at the same size parameter for the super-
spheroid model. As a result, the simulated scattering coefficients of the sphere models using 
the effective radius are smaller than those using the geometric radius. The retrieval fails even 



at small size (S), and the difference of scattering coefficients between those calculated by sphere 
models and the baseline case can be 50-70% depending on the size and wavelength. Therefore, 
it is believed that the geometric diameter is better suited for retrieval in this study.” 

 

Figure R3. The look-up tables for refractive indices produced by the sphere model and super-spheroid model for 
size S by using the effective radius as the size descriptor. The markers and symbols are similar to the Figure 5 in 
the manuscript. 



 
Figure R4. Similar to Figure R3, but for size L. 

 

lines 336–350) given the lack of literature on the refractive index of goethite and its prominent 
role in determining the refractive index of the ensemble of particles, why did the authors include 
it in the simulations? How do the results change if they don't? 

We include the refractive index of goethite into the simulations for two primary reasons: 

1. Since our study relies on numerical simulations without direct comparison to 
experimental data, the accuracy of the refractive indices of minerals has minimal 
impact on our analysis. The refractive index of goethite is used as reference values in 
our simulations. 

2. Furthermore, we seek to assess whether the refractive indices of magnetite can serve 
as a substitute for goethite at wavelengths below 460 nm and above 700 nm. Previous 
studies lacked refractive index data for goethite within these wavelength ranges, 
prompting us to explore alternative solutions. Our findings indicate a potential 
overestimation of the imaginary parts of goethite beyond 700 nm when assuming the 
imaginary parts of magnetite. 

Excluding goethite from the simulations would result in a comparable absorptivity of the 
baseline case at 863 nm and 1064 nm compared to that at 633 nm. Moreover, the retrieved 
imaginary parts of the refractive indices would decrease from 355 nm to 633 nm and remain 
relatively constant until 1064 nm. 

 

line 368 and ff.) the spherical model and the super-spheroid model give very close results, 
particularly considering the error bars. Do the authors have any hypotheses or explanations as 



to this matter? 

We have provided additional explanations for this phenomenon.  

“Therefore, retrieving the imaginary parts solely from the absorption coefficients exhibits 
reduced sensitivity to the model shape when identical size distributions are utilized. This is 
because the extinction coefficients are primarily influenced by particle sizes, and the calculated 
absorption coefficients are similar for models with the same size distributions. As a result, the 
target absorption coefficient is mapped to similar imaginary parts in the look-up tables for 
inversion models with the same size distribution.” 

 

line 384-389) the argument being made here could be clearer, I believe it’s important to go into 
greater detail about such differences. Since these are simulations, these parameters are under 
control and are available for analysis. 

Thank you for your suggestion. We have elaborated on this aspect in the revised manuscript.  

“Similar to Figure 5, the target values and the look-up tables in E3 and E4 are illustrated in 
Figure 8. Note that a significant discrepancy emerges between the baseline case and the 
homogeneous super-spheroid models as the size increases, which is inconsistent with the 
findings in Figure 5. Furthermore, the discrepancy for the sphere models is even larger. This 
discrepancy can be attributed to the differences in size distributions. These differences are not 
influenced by the size descriptor of the non-spherical particle but are directly caused by the 
discrepancies in the optical properties between the baseline case and the models when using the 
OPC to measure the size of individual particles.  

As described in Eq. (2), the OPC measures the scattering intensity of individual particles with 
a metric that is influenced by both particle size and optical properties. When using the OPC for 
particle sizing, differences in optical properties, influenced by shape and inhomogeneity, 
between the baseline case and the inversion models result in biases in particle size estimation 
across different models. Despite the homogeneous super-spheroid models having identical 
shapes to the baseline case, differences associated with the inhomogeneity introduce size biases 
between them. Additionally, for sphere models, deviations in shape from the baseline case, 
combined with inhomogeneity, further contribute to significant discrepancies in particle size 
estimation. Therefore, accurately retrieving n is challenging because the scattering coefficients 
are highly sensitive to the size distribution.” 

Besides, we have provided a more detailed discussion in Sect. 3.4. Please refer to the revised 
manuscript for details. 

 

line 390) I think this is a central point that should be investigated further, especially because of 
their great effect on optical properties. 

Thank you for your suggestion. We have conducted additional investigation on this matter in 
Section 3.4. Please refer to the revised manuscript for details. 

 

lines 410 and ff) this appears to be a significant limitation of the method: what are these very 
strict conditions required to accurately retrieve n? 

The strict conditions imply the absence of discrepancies in the size distribution and morphology 



between the baseline case and the inversion models, as demonstrated in numerical simulation 
E1. However, it is essential to note that successful retrieval does not guarantee that the inversion 
model shares identical optical properties with the baseline case (refer to Sect. 3.3). 

 

line 455) this is one of the main weaknesses of the spherical approximation. How does the phase 
function of super-spheroids compare to laboratory measurements? Some information about 
how they were calculated would be helpful (e.g. possible rotational averages). 

Thank you for confirming. The revised manuscript now includes the information about 
considering random orientations on Line 173. “We calculate the single particle optical 
properties using the IITM method for inhomogeneous super-spheroid models, considering 
random orientations…” 

The phase functions of super-spheroids are in good agreement with laboratory measurements, 
as reported in a previous study (Lin et al., 2018). 

 

line 459) although I share the authors’ concern, it should be noted that considerable progress 
has been made since the literature cited here was first published. 

Thank you for your suggestion. We have revised this sentence and included additional 
references.  

“The discrepancy in the asymmetry factor may introduce a significant bias in climate modelling. 
Despite notable advancements, many climate models still rely on sphere models to simulate 
dust aerosols (Balkanski et al., 2007; Danabasoglu et al., 2020; Hess et al., 1998; Hurrell et al., 
2013; Liu et al., 2016; Mishchenko et al., 1995).” 

 

line 461) ‘simplify’? 

Corrected. 

 

line 462) ‘are’? 

Corrected. 

 

line 485) please expand the caption of Figure 11 with the information included in the main text. 

Thanks; we have made the necessary correction. 

 

line 508) I would recommend that the reasons for these difficulties be probed deeper and 
discussed in this section more thoroughly. 

Thank you for your suggestion. We have expanded on this point in the revised manuscript, 
providing more detailed discussion in this section. Please refer to the revised manuscript for 
details. 

 



 

Summary. 

 

I appreciate the purpose of this section, also in light of the length of the manuscript. I wonder 
if it would not be more effective to move its content partly into the introduction and partly into 
the discussion. 

Thank you for your suggestion. We have revised this section to focus primarily on the main 
findings, removing some introductory details about how the numerical simulations were 
conducted. Please refer to the revised manuscript for details. 

 

References. 

 

I find the bibliography skewed toward less recent results in some sections of the text. Some 
updates would be beneficial, specifically because of the rapid scientific advances in the field of 
simulations. It would also be worth double-checking how relevant some of the self-citations are 
to the discussion and the points being made by the authors. 

Thank you for your feedback. We have revised the bibliography according to your suggestions 
and added more recent references to reflect the latest developments in the field of simulations. 
Additionally, we have reviewed the self-citations to ensure their relevance to the discussion and 
the points being made in the manuscript.  
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