EGUSPHERE-2025-2823: “The role of size in the multiple scattering correction C for dual-

spot aethalometer: a field and laboratory investigation”

Answers of the authors to Reviewer#2

While the reviewer’s comments are given in black bold, our answers are given below in blue
letters. Additionally, we added the changes made in the revised manuscript in blue italic letters.

We would like to thank the referees for their detailed and constructive comments, which helped us to
improve our manuscript. Here we provide some major considerations. Both reviewers raised
important points regarding the suitability of the filter-based instruments used as reference methods
for ambient measurements. We have addressed this issue carefully by expanding the discussion in the
results, incorporating recent literature, and revising comments related to the interpretation of our
results. Additionally, both reviewers through different comments emphasised the need to clarify and
deepen the analysis of the dependence of the multiple scattering correction factor (C) on particle size
further, as this is a key aspect of the manuscript. They also recommended integrating the discussion
of results obtained under controlled chamber conditions and in ambient more closely.

Accordingly, we have significantly revised and expanded in particular Sections 3.1.2 and 3.2.4 in the
results, providing additional detail and context, and also improved Abstract, Introduction and
Conclusion to better clarify the aim of the present study.

This manuscript addresses an important and timely topic regarding filter absorption
photometers, which is of considerable interest to the atmospheric science community. The study
is well contextualized, and the authors justify their results with relevant literature. The focus
on the influence of particle size on the multiple scattering correction factor (C factor) is
valuable. However, as mentioned in the conclusions, the study explores the broader role of
aerosol properties on C variability, and not only particle size. If the intention were to limit the
scope exclusively to particle size, the manuscript would require significant restructuring to
address this aspect in more detail.

We thank the reviewer for their thoughtful comment and for recognizing the relevance of our work.
As correctly pointed out, the primary focus of this study is the impact of particle size on the multiple
scattering correction factor (C factor). However, the analysis is not limited to this variable. Hereafter,
we provide a general author’s consideration to this major reviewer comment.

The focus on diameter was firstly motivated by a generalized scarcity of works addressing the C
factor relationship with particle diameter. Most of these works (e.g., Yus-Diez et al., 2025; Romsho
et al., 2022 and Drinovec et al. 2022) have addressed this aspect mainly under controlled laboratory
conditions. Although, the influence of variables such as SSA and wavelength on the C factor has been
extensively investigated in previous studies, the present work explores these properties to quantify
their influence on C factor relative to the size effect. This covariance of C factor with multiple
properties results important and non-negligible in ambient uncontrolled observations.

The objective of the manuscript remains to identify the impact of size on C factor in controlled
conditions and explore its importance in ambient and well mixed conditions given the natural



variability of other properties. We have clarified this rationale and scope more explicitly in the revised
version of the manuscript, together with more specific changes as described below.

The text in Introduction was modified to better explain our aim

... "Specifically, we examine its dependence on particle size, while also considering the effects of
other properties such as SSA and wavelength to support and complement existing evidence from the
literature. The chamber experiments were designed to explore a broader particle size range than in
previous studies (Drinovec et al., 2022), taking advantage of controlled conditions to better isolate
the role of size and evaluate its relative importance compared to other aerosol properties. These
experiments were conducted using freshly generated soot and non—filter-based reference techniques,
ensuring independence from filter-related artefacts.

Ambient observations, although subject to more variable and less controlled conditions, were used
to assess whether the dependence on particle size can also be observed under real atmospheric
conditions. This contributes additional context to previous work, where ambient investigations
remain limited (e.g., Yus-Diez et al., 2025). ...

We have slightly extended the analysis to the specific case of coarse particle presence during dust
events, in order to better illustrate its impact on C at the CMN site and at other locations potentially
affected by Saharan dust transport. In particular, we added a figure in the Supplementary Information
showing how C decreases during dust events of different intensities when coarse particles are present,
and included a specific comment on this aspect in Section 3.2.4.

e Figure S7 was added to Supplementary Information to better show one of the implications of C
dependence on size dependence, causing biases in our station: the significant decrease in C for
increasingly strong dust events transporting coarse particles to the station.
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Figure S7: Boxplot comparing C values statistics during non-dust days and dust days of increasing
intensity. The different intensities are represented by increasing threshold in the PM coarse fraction
measured by an OPC during transport events. The identification of dust events at CMN is done
according to the method detailed in Text S4 (Vogel et al., 2025) as well as the quantification of PM
coarse.



e Text S4 was added to Supplementary Information to detail the method for dust days identification
and the quantification of PM coarse.

... 7 Text 84 Identification of dust transport days

Dust transport days were identified following the method described in detail in Duchi et al. (2016),
which combines in-situ measurements of the coarse particle concentration (particles with a diameter
larger than 1 um) and backward trajectories. The coarse particle concentration is obtained from
measurements of an optical particle counter (Grimm® model 1.108). The data are averaged over
24h. On the time series of daily data, a multi-step smoothing is applied, and subtracted from the
original time series to obtain the high frequency component. If a data point of the high frequency
component exceeds the threshold value given as the 95" confidence interval, it is flagged as a
potential dust transport day. For these potential dust transport days 7-day backward trajectories are
take and if they passed over the Saharan desert, the according days is finally flagged as a dust
transport day.

The particulate matter concentration of the coarse particles (PMcoarse) is calculated from the coarse
particle size distribution measured by the optical particle counter and a particle size dependent
density (Wittmaack 2002). “...

Added references:

Wittmaack, K.: Advanced evaluation of size-differential distributions of aerosol particles, Journal of
Aerosol Science, 33, 1009-1025, 2002.

Duchi, R., Cristofanelli, P., Landi, T. C., Arduini, J., Bonafe’, U., Bourcier, L., Busetto, M., Calzolari,
F., Marinoni, A., Putero, D., and Bonasoni, P.: Long-term (2002-2012) investigation of Saharan dust
transport events at Mt. Cimone GAW global station, Italy (2165 m 360 a.s.l.), 4, 000 085,
https://doi.org/10.12952/journal.elementa.000085, 2016.

e the text in Section 3.2.4 was extended

... ” To ensure that the observed variability in C was not primarily driven by other parameters—such
as the SSA or exceptionally low absorption values—rather than by particle size itself, we examined
the mean SSA and absorption coefficient within each size bin. The results show that neither of these
parameters alone can account for the whole observed variability in C with size in Figure 5 (see
Supplementary Information, Figure S3 and Figure S4).

Although its influence is moderate compared to the instrumental uncertainty, particle size appears to
affect C even under ambient atmospheric conditions. This suggests that variations in particle size
could contribute to the differences in C observed across sites and seasons, as proposed in previous
studies (Bernardoni et al., 2021; Luoma et al., 2021), particularly when there are significant changes
in the mean volume size distribution or during specific events. At CMN, this effect can be especially
significant during dust transport events, which occur on about 20% of days throughout the year
(Vogel et al., 2025). As shown in Supplementary Information Figure S7, C at 637 nm decreases with
increasing dust event intensity, consistently with the findings of Yus-Diez et al. (2025). ...



Specific comments:

Abstract: The statement that C characterization is “poorly understood” is not entirely accurate.
As the authors themselves note, there is a growing body of recent literature on this topic. The
recent study by Yus-Diez et al. (2025), which provides a comprehensive analysis of C factor,
should be considered for the interpretation of the present results.

We agree that several factors influence the multiple scattering correction factor (C) — such as the
effects of single scattering albedo, filter loading, and wavelength — and have been extensively
investigated in recent years, leading to a much better understanding of the C behaviour. Our intention
in the abstract was to emphasize that, despite this progress, certain aspects of C variability,
particularly those related to aerosol microphysical properties and their combined effects under
ambient conditions, remain less well constrained.

To make this clearer, we have revised the abstract by rewording the original sentence to better reflect
the current state of knowledge.

e The text in Abstract line 20:

... " Despite its widespread use, several aspects influencing the variability of C, particularly those
related to aerosol microphysical properties, are still not fully constrained. ” ...

We also expanded the discussion in Section 3.1.2, to better discuss the comparability of our results
with recent studies such as Yus-Diez et al. (2025) and Drinovec et al. (2022).

e the text in Section 3.1.2

... This result is likely attributable to the greater penetration of smaller particles into the filter
matrix (Huang et al., 2013; Hinds, 1999), that affect the multiple scattering effects between particles
and filter, leading to a larger overestimation of true absorption by the aethalometer. This
interpretation agrees with modelling results indicating that particle stratification increases the ratio
of filter-based and real absorption as particle size decreases (Moteki et al., 2010). Our results are
consistent with previous laboratory studies on other filter-based instruments such as COSMOS and
PSAP (Lack et al., 2009; Nakayama et al., 2010), and two previous studies on the aethalometer
(Drinovec et al., 2022; Yus-Diez et al., 2025). These studies show that for the AE33, C is larger for
soot particles below ~250 nm than for particles above ~400 nm, while dust samples generally exhibit
lower C values, in line with reduced artefact for larger particles. ” ...

Use of MAAP as a reference instrument: The reliance on MAAP as a reference instrument is
guestionable. Yus-Diez et al. (2025) demonstrated that MAAP can overestimate absorption
coefficients by ~47%, which directly affects the estimation of eBC and MAC. The authors
should explicitly discuss this limitation and justify their approach, considering these known
biases.

Both reviewers emphasized the importance of this aspect, which is critical for interpreting results
obtained for atmospheric observations at CMN where the MAAP and the MWAA were used as
reference instruments. To fully address this common point, we provide a more complete literature
study and implications in the main text.

As noted, the reliability of filter-based instruments for measuring the absorption coefficient is debated
in the literature. A recent study by Yus-Diez et al. (2025) shows that MAAP can overestimate



absorption by up to 47% when compared to PTAAM-24, particularly for aerosols with high single
scattering albedo (SSA > 0.9). On the other hand, Heuser et al. (2025) reported an excellent
comparison (less than 10% differences) when comparing filter-based techniques (MAAP, MWAA,
PP-UniMi) with EMS for the highly absorbing CS particles from laboratory experiments in this study
with Dm,vol between 130 and 450 nm. Earlier work by Romshoo et al. (2022) reported good agreement
between MAAP and the EMS technique for particles with a volume mean diameter Dm,vo > 100 nm,
but MAAP slightly overestimated absorption (~20%) for smaller particles (Dmyvor < 100 nm).
Similarly, Kalbermatter et al. (2022) demonstrated that MAAP tends to overestimate absorption
measured with other non filter-based techniques by at least 20%, especially for particles with a high
total mass-to-BC mass ratio. Finally, Moteki et al. (2010) highlighted that the two-stream model on
which the MAAP is based may underestimate its size dependent bias, when stratification occurs in
the filter, in particular for particles smaller than 200 nm.

Together, these studies indicate that filter-based reference instruments such as MAAP and MWAA
may be subject to systematic biases, but the magnitude of these biases depends on particle properties
and the reference technique used, being larger for: high SSA (> 0.9), small particle diameters (< 200
nm) and BC particles mixed with secondary organic materials.

Although further investigation is needed, using these references in our study could lead to a possible
general underestimation of the C factor in ambient measurements. If PTAAM-24 or photoacoustic
techniques are considered as more accurate references, the underestimation could reach up to 47%,
particularly for high SSA and mixed particles. This affects not only the absolute C values but also the
observed dependencies of C on SSA and particle size. At CMN, the C dependencies we report may
therefore be underestimated for SSA > 0.9 and diameters < 200 nm, while estimates for SSA < 0.9
and diameters > 200 nm are expected to be more reliable.

To better include this discussion, we extended the text in Section 3.2.1, 3.2.3 and 3.2.4. In particular,
we added these paragraphs:

e the text in Section 3.2.1

... 'The lower ambient values may be partly due to the different reference techniques used. The MAAP
can exhibit a positive bias in absorption when compared with non—filter-based reference techniques
as the EMS, particularly at relatively high SSA (>0.9), small particles (diameter <200 nm) and for
aged aerosol (Yus-Diez et al., 2025; Kalbermatter et al., 2022; Romshoo et al., 2022). Such bias
would lead to higher MAAP absorption values and, consequently, to lower C values in ambient
measurements at CMN compared to those obtained in CESAM.” ...

e the text in Section 3.2.3

... “Moreover, we should consider that this dependence, estimated using the MAAP as a reference,
may have been underestimated. As shown by Yus-Diez et al. (2025), this instrument is also affected
by cross-sensitivity to scattering when compared with a non-filter-based technique. ...

e the text in Section 3.2.4

... "When comparing the size dependence of C with that observed in the chamber experiments and in
other laboratory studies on soot (Drinovec et al., 2022; Yus-Diez et al., 2025), the ambient
relationship appears more linear and overall weaker. This attenuation may be partly related to the
use of the MAAP. Its positive bias compared to non filter-based techniques could be more relevant
for smaller particles (Moteki et al., 2010; Romshoo et al., 2022). As a result, the influence of particle



size on C under ambient conditions could be partially masked by the measurement bias inherent to
the reference technique used. ...

Added reference:

Romshoo, B., Péhlker, M., Wiedensohler, A., Pfeifer, S., Saturno, J., Nowak, A., Ciupek, K., Quincey,
P, Vasilatou, K., Ess, M. N., Gini, M., Eleftheriadis, K., Robins, C., Gaie-Levrel, F., and Miiller, T.:
Importance of size representation and morphology in modelling optical properties of black carbon:

comparison between laboratory measurements and model simulations, Atmospheric Measurement
Techniques, 15, 6965—6989, https://doi.org/10.5194/amt-15-6965-2022, 2022.

Lines 231-236: This section is currently confusing for the reader. It should be rewritten with
improved clarity to better explain the intended message.

We thank the reviewer for pointing out that the description of this section was unclear. The text has
been rewritten to improve readability and to clarify the steps used to derive C both for the MAAP-
based and MWAA-based analysis.

e The text in Section 2.2.2 Reference absorption coefficient at CMN: filter-based MAAP and
MWAA was revised in lines 231-239 to improve clarity:

... "The absorption coefficient measured by the MAAP at 637 nm (Zabs,ref) Was averaged over the same
1-h intervals as the AE33 data and used to derive the C factor at 637 nm according to Eq. (1).
For consistency in wavelength, before calculating the C factor, the AE33 attenuation coefficient
(4unLc) measured at 660 nm was interpolated to 637 nm using the Absorption Angstrém Exponent
(AAE) obtained from the power-law fit of 4..,,L.c(1) versus wavelength.

The spectral dependence of C was analysed using MWAA measurements. In this case, the reference
absorption coefficients Zansref(A) Were interpolated to the AE33 wavelengths. C values were then
calculated at the seven AE33 wavelengths by averaging the AE33 Z..Lc(d) data over the 24 h
corresponding to each MWAA filter sample.” ...

The study presents a detailed analysis of C factor characterization, but the conclusions could
be clearer in showing why these findings matter. In particular, the authors should expand on
the broader relevance of their work:

Since Aethalometers are widely used in monitoring networks, what do these results mean for
improving data quality and ensuring comparability across sites?

Do the results provide recommendations to narrow the variability in C factor estimates, and
how generalizable are they across instruments and locations?

The discussion could better balance the value of controlled chamber experiments with the
ambient measurements, which include complex, mixed-source aerosols. Since monitoring is
done under ambient conditions, it would be important to highlight how representative and
applicable the results are in these real-world settings.

We thank the reviewer for these constructive comments. We fully agree that the discussion and
conclusions should better emphasize the broader implications of our findings, the link between



controlled and ambient measurements, and the representativeness of the results for real-world
conditions.

Our results confirm that the dependence of the Aethalometer C factor on particle size—previously
indicated by a few chamber studies—is also observable under ambient conditions. The chamber
experiments clearly demonstrate this dependence under controlled conditions. Importantly, the
ambient observations, also show a detectable size dependence that cannot be explained solely by other
known dependencies. This indicates that the effect identified in chamber studies can indeed influence
ambient Aethalometer measurements and may contribute to the variability observed in this parameter
across monitoring sites and seasons.

While we recognize the potential implications of these findings for improving data comparability, we
consider that a single-site study is not sufficient to define quantitative correction recommendations
or generalized parameterizations. Instead, our aim is to draw attention to the relevance of this size
effect in real-world conditions and to demonstrate that it can have a measurable and significant
impact—aparticularly in environments dominated by small particles (e.g., nucleation or Aitken mode)
or influenced by dust transport that increases the coarse fraction. The studied site, a mountain location
characterized by particles mainly in the fine mode, and frequent dust intrusions, provides conditions
potentially representative of other elevated or dust-affected environments.

Finally, the revised discussion clarifies the complementary role of chamber and ambient experiments:
the chamber setup provides ideal conditions to isolate the size effect and establish its magnitude,
whereas the ambient observations show that this dependence persists under complex, mixed-source
aerosol conditions relevant to monitoring networks. Further coordinated studies across different sites
and aerosol regimes, ideally including non—filter-based reference instruments, will be essential to
quantify the robustness and generality of this dependence and to ultimately support the harmonization
of Aethalometer data quality across networks.

These aspects have been integrated throughout the revised manuscript, in the Abstract, Introduction,
and Conclusions, to clarify the relevance, applicability, and implications of our findings.

e Textin Abstract

... " These results are relevant for improving the accuracy and comparability of aerosol absorption
measurements performed by aethalometers, particularly within monitoring networks. The observed
dependence of C on particle size suggests that differences between urban and remote sites, or between
periods dominated by nucleation versus coarse-mode particles (e.g., dust), may contribute to the
variability reported across locations. Understanding these dependencies is essential for refining
correction approaches and reducing inter-site discrepancies in network datasets. ”...

e Textin Introduction

... Given the widespread use of aethalometers in long-term observational networks, constraining
the variability of the C factor is crucial for ensuring the quality and comparability of absorption data
across sites. Differences in aerosol size distributions and mixing states—such as between freshly
emitted soot in urban areas and aged or coarse particles at remote stations—can introduce systematic
biases if a single, constant C is applied. A more robust understanding of these dependencies is
therefore required to guide the harmonization of network measurements and to support the
development of improved parameterizations for data correction. ...

e Textin Conclusions



... The present analysis evidences a dependence of C on particle size. This dependence was
moderate (within 25%) under ambient conditions dominated by mostly scattering aerosols, while it
became much more pronounced (>60%) in chamber experiments using soot-only particles and a
non-filter-based absorption reference. This behaviour likely contributes to the variability of C values
reported in the literature and highlights the need for further investigation to improve the accuracy of
absorption coefficient measurements within international research infrastructures.

The consistency between chamber and ambient results indicates that, although the chamber setup
better isolates the size dependence, this effect is also detectable under complex real-world aerosol
conditions. These findings suggest that C may vary systematically across monitoring sites depending
on the dominant particle size modes—for example, smaller C values at sites dominated by larger,
aged particles, and higher C values at locations influenced by fresh combustion or nucleation events.
Further studies, combining targeted chamber experiments and modelling under a wider range of
conditions, are needed to better quantify these dependencies and support the development of more
generalizable parameterizations for harmonized absorption measurements and improved data
quality in monitoring networks. ...



