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Response to Reviewer #1 

Review of Suchánková et al., An innovative approach to measuring hygroscopic light scattering 

enhancement using a humidified single-nephelometer system  

This work presented a novel, cost-effective approach to investigate aerosol hygroscopicity using a 

single nephelometer set-up with an automatically controlled switching valve alternating between 

humidified and dried sample branches. The authors provide a succinct introduction to the single 

nephelometer system used to measure particle light scattering and backscattering enhancement 

factors f(RH), although I document some perceived issues with this design (see Suggestions 1&2 

below). Results of f(RH) from Nov 2022-July 2023 were presented in the context of seasonal 

variability, aerosol optical properties (single scattering albedo, scattering Angstrom exponent, 

absorption Angstrom exponent), estimated aerosol chemistry (based on aerosol optical properties 

using a scheme introduced by Cappa et al., 2016), air mass source region, and OC/EC. The paper 

adds useful climatology of f(RH) in the Prague, Czech Republic area but I recommend some 

changes to improve the paper before publication, as outlined below.  

 

The authors highly appreciate the critical insight of Reviewer #1. Changes based on the comments 

and suggestions of Reviewer #1 are colored green in the manuscript and in the ´Response to the 

Reviewer´ document. Changes driven by Reviewer #2 are colored blue in the manuscript. 

Suggestions:  

The authors claim in multiple places that the single-nephelometer aerosol scattering hygroscopicity 

measurement reduces uncertainties associated with dual-instrument configurations. However, no 

supporting evidence (error estimates) are provided to support this claim and I would argue that the 

single nephelometer system could potentially have larger f(RH) uncertainties than the dual 

nephelometer systems most commonly used. I base my statement on two potential error sources:  

1. Non-simultaneous sampling of dried and humidified particle light scattering: The single 

nephelometer system used to measure f(RH) can potentially possess smaller uncertainty 

relative to the traditional dual nephelometer system but switching between dried and 

humidified particle light scattering at 1-hour intervals can lead to potentially larger (and 

unknown) uncertainty in f(RH) because one is taking a ratio of measurements taken one 

hour apart. I should note that the authors acknowledge the limitations of non-simultaneous 

dry and humidified light scattering and backscattering measurements made using the single 

nephelometer system (lines 124-125).  

The authors understand the skepticism of Reviewer #1 regarding uncertainty statements in this 

manuscript. We are aware of the lower time resolution of our experimental setup, which is a direct 

result of the setup's nature. Due to these possible limitations, the enhancement factors were 

calculated using the “overlapping hours” method to prevent episodic extreme events from biasing 

the overall measurement (see Section Materials and Methods). Lines 124-125 were updated to 

better reflect the reality of the experiment: 

Lines 133-140: “While this approach reduces uncertainties in the f(RH) estimation arising from the 

comparison of two instruments, it should be noted that such a measurement approach relies on the 

reduced time resolution compared to the dual nephelometer setups (1-hour intervals), which may 

introduce additional uncertainty on short timescales, e.g., the influence of episodic extreme 
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pollution events. This limitation was partly addressed in the Chapter Data treatment.  Moreover, 

another limitation of this setup originates from a lack of parallel measurement of dry and wet 

aerosol properties, which rules out the hygroscopic scanning, humidogram analyses, and the 

precise recalculation of f(RH) at the given RH. The statistical overview of RH and temperature 

during the measurement campaign for both humidified and dry mode are shown in Table S.2 in 

Supplementary Materials.” 

 

2. A well-calibrated dual nephelometer system includes built-in checks of nephelometer 

performance lacking in the single nephelometer design. This is achieved by periodically 

comparing light scattering and backscattering measured by both nephelometers under low 

RH conditions. A slope close to 1 and intercept close to zero provides high confidence in 

relative calibration of the nephelometers and small differences from this can be applied to 

correct the wet nephelometer scattering. Values of f(RH) sometimes in the 0.8-0.9 range 

(Fig. 8) could potentially signal small calibration drifts or other unknown uncertainties. 

The authors agree with Reviewer 1 on the importance of comparing two nephelometers in a dual 

nephelometer setup. In the case of our study, if any uncertainty is presented, the use of a single 

nephelometer ensures a similar uncertainty for both dry and humidified modes, thereby cancelling 

out a large portion of this type of uncertainty. Moreover, not all studies that included a dual 

nephelometer system provided the same level of uncertainty prevention and automatic checkups. 

In that case, a single nephelometer system could be beneficial in reducing this type of error. 

Furthermore, the nephelometer was operated under strictly dry conditions for multiple hours, 

regularly accompanied by full calibration of the instrument.  

The authors also acknowledge an issue regarding ratio values lower than 1 for f(RH) and f(RH)bsp 

in this study. Importantly, this issue has been observed in several recent studies on hygroscopic 

enhancement of aerosol light scattering: for instance, Burgos et al., 2019 (Fig. 5); Fierz-

Schmidhauser et al., 2010 (Fig. 4); and Titos et al., 2014 (Fig. 4 and Fig. 7) and 2021 (Fig. 1). 

Therefore, the community should focus on addressing this well-known issue in more depth. 

3. The calculated f(RH) should be at a stated RH and the humidified (and to less degree dried) 

RH values used to compute the ratio should be the same for all hours to compute meaningful 

statistics over the time period. For example, many studies (Burgos, et al. 2019 and some of 

the references there within) use f(RH) = σsp(RH = 85%)/σsp(RH = 40%). The authors only 

state that humidified scattering is used are when RH ≥ 80%. Particle scattering increases 

rapidly at RH near and larger than 80% so comparing multiple hours with different RH 

values or using the hours to calculate statistics can lead to additional, unknown 

uncertainties. 

The authors agree that certain chemical species can cause almost exponential growth of aerosol 

particles above 80% RH (e.g., certain salts, organic compounds) and are aware of such limitations 

for data reporting at the exact RH value from the literature. Nevertheless, due to the limitations of 

our setup—mainly the inability to perform humidogram studies—it was not possible to recalculate 

f(RH) to a precise RH. Even so, the statistical evaluation of RH during the campaign is presented 

in Table S.2 of the Supplementary Materials. 
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Table S.2: The RH (%) and T (K) statistics in the cell during humidified and dry modes. P10, P25, 

P50, P75, and P90 denote respective percentiles. 

 
Humidified mode Dry mode 

RHcell (%) Tcell (K) RHcell (%) Tcell (K) 

Mean ± sd 87.34 ± 2.67 297.91 ± 4.15  28.36 ± 5.85 297.94 ± 4.16  

P10 83.62 293.57  20.30 293.46  

P25 85.81 295.01  25.05 294.92  

P50 87.64 296.83  28.84 296.77  

P75 89.31 299.13  32.43 299.29  

P90 90.50 304.94  35.34 304.93  

To improve clarity, this limitation was subsequently incorporated into the uncertainty description 

in lines 136-140: “Moreover, another limitation of this setup originates from a lack of parallel 

measurement of dry and wet aerosol properties, which rules out the hygroscopic scanning, 

humidogram analyses, and the precise recalculation of f(RH) at the given RH. The statistical 

overview of RH and temperature during the measurement campaign for both humidified and dry 

modes is shown in Table S.2 in Supplementary Materials.” 

Minor Suggestions  

1. The color-coded plots of particle type versus cluster, SSA, etc. are nicely done and convey 

a lot of information on single plot (Figs. 8-9). 

The authors highly appreciate this positive recognition.  

2. The statement in lines 58-59 is confusing: “The comparison of the integrating nephelometer 

TSI 3563 with AURORA 3000 possessed an overall uncertainty of 2-5 % for σsp and 3-

11 % for σbsp in laboratory conditions, respectively (Müller et al., 2011).” For which 

instrument is the uncertainty quoted for and (if so) is the other instrument assumed to be 

the “standard” reference instrument? Please clarify what you mean by these “uncertainties”.  

The lines 58-59 were updated and clarified as follows (now 58-61): “Müller et al. (2011) showed 

that after correction for angular truncation errors, the total scattering coefficients σsp and 

backscattering coefficients σbsp at 450, 525, and 635 nm measured by the Ecotech Aurora 3000 

against the referenced integrating nephelometer TSI 3563 in laboratory conditions differ by 2-5 % 

and 1-11 %, respectively. The discrepancies observed in total scattering were consistent with the 

calibration uncertainties.” 

3. Corrections to the raw data were mentioned in lines 159-161, but no mention was made of 

the most important correction, namely the nephelometer angular truncation correction 

(Anderson and Ogren, 1998). The authors also stated that “Values below the limit of 

detection (LOD) were replaced by LOD/2 values,” but no mention was made as to the value 

of the LOD.  

The authors apologize for the confusion. Lines 159-161 were updated (now 181-184): “The TSI 

3563 integrating nephelometer data set was processed according to the EMEP Standard Operating 

Procedure. The raw σsp and σbsp data at all wavelengths were validated (removal of invalid, missing, 

and calibration data). Values below the limit of detection LOD (0.3 Mm-1 for TSI 3563) were 
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replaced by LOD/2 values. Validated data were corrected for a truncation error according to 

Anderson and Ogren (1998), and standardized to STP conditions (273.15K, 1013.25 hPa).”  

4. The two wavelength pairs used to calculate ΔSAE should be explicitly stated.  

This information is provided in Equation 5: 

ΔSAE = SAE450−550 − SAE550−700, 

where SAE450-550 is the Scattering Ångström Exponent calculated from 450 and 550 nm wavelength 

pair and SAE550-700 from 550 and 700 nm wavelength pair, respectively. 

The concept of SAE calculation from two wavelengths of light is described already in Equation 4: 

SAEλ1−λ2 = −

log⁡(
σsp(λ1)

σsp(λ2)
)

log (
λ1
λ2
)

 

For better understanding, line 226 was added to the text: 

“…where SAE450-550 is calculated from 450 and 550 nm and SAE550-700 from 550 and 700 nm 

wavelength pair, respectively.” 

5. The authors state (lines 343-444) that “While we found a larger influence of the chemical 

composition on light scattering enhancement than the particle size, the seasonal variations 

in the ratio b were linked to changes in aerosol size distributions and sources.” However, 

no data is presented to support this assertion.  

Authors admit that some parts may appear unclear or misleading. The conclusion of “a larger 

influence of the chemical composition on light scattering enhancement than the particle size” 

partially comes from Fig. S.5a and S.5b in Supplementary Materials, showing a temporal variation 

of f(RH) and the ratio of f(RH)bsp and f(RH) at 550 nm, color-coded with a dry SAE450-700.  

In these plots, SAE450-700 values exhibit high seasonal variability – it is “horizontally variable”. 

Very little correlation was found in “vertical direction” – variability of SAE450-700 with increased 

f(RH) or f(RH)bsp. The highest values indicating particle size in a rather fine mode spectrum were 

found in spring and summer, suggesting an increased frequency of NPF. The rest of the year 

suggests a mixture of fine and coarser particles in the population, as expected from urban 

atmospheric aerosol mixing.  

Additional analysis was further extended by the particle number size distribution in Fig. S.6 of the 

Supplementary Materials, where we observed temporal variations in certain particle size modes 

correlated with f(RH) or f(RH)bsp. The correlations of particle number concentrations with f(RH) 

or f(RH)bsp were performed; however, the authors decided to add graphical representations in Fig. 

S.5 and S.6 instead. 

The authors are aware of the limitations of this conclusion, primarily due to the absence of direct 

chemical analysis of hygroscopic species and the restricted particle number size distribution (PM1 

measured by SMPS vs. PM10 measured by the hygroscopic single-nephelometer system). Thus, the 

statement from lines 343-344 was corrected (new lines 365-376): 
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“Our results suggest that variations in aerosol chemical composition may play a more important 

role in modulating light scattering enhancement than particle size alone. The temporal evolution of 

f(RH) and the ratio f(RH)bsp/f(RH), color-coded by dry SAE450-700 (Fig. S.5a,b), shows pronounced 

seasonal variability in particle size, while only weak co-variability of SAE450-700 with increasing 

hygroscopic enhancement. Higher SAE450-700 values, predominantly observed in spring and 

summer, indicate a dominance of fine particles, consistent with an enhanced influence of NPF, 

whereas the remaining seasons reflect a mixture of fine and coarser particles typical of urban 

aerosol. Although smaller particles generally exhibit higher dry backscattering fractions, 

hygroscopic growth can modify particle size and the scattering phase function, leading to a 

comparatively weaker enhancement of backscattering than total scattering (Fig. S.5b). This 

interpretation is further supported by seasonal changes in particle number size distributions (Fig. 

S.6), which indicate shifts in dominant size modes, reflecting changes in aerosol sources over the 

year. It should be noted that this interpretation is based on indirect proxies for aerosol composition 

and size, as no direct chemical analysis is available, and particle size distributions are limited to 

PM1, while hygroscopic scattering measurements represent PM10.” 
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Figure S.5: Temporal variation of f(RH) (a) and the ratio of f(RH)bsp and f(RH) (b) at 550 nm, 

color-coded with a dry SAE450-700. Scatterplot of the f(RH) at 550 nm vs SSA550 during the 

campaign, color-coded with median SAE450-700 (c). The red circle with red error bars estimated the 

median point with interquartile ranges. 
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Figure S.6: Temporal variation of f(RH) at 550 nm, color-coded with the fraction of the size 

selected dN/dlog Dp to the overall dN/dlog Dp: 8.8 nm < Dp < 98.1 nm (a), 104.5 nm < Dp < 192.5 

nm (b), 207.0nm < Dp < 503.2 nm (c), and 550.2 nm < Dp < 835.7 nm (d). It should be noted that 

the fractions of the respective size modes have different scales for better readability. The gray 

points represent missing PNSD measurements. 

6. Figure 6: There is a non-negligible fraction of f(RH) < 1 (often for SSA < 0.60) with values 

~0.80-0.90 for ~5% of whole dataset. In a dual nephelometer system this could perhaps be 

attributed to relative differences/drifts in nephelometer calibration, and this difference 

could be corrected by inter-comparison of the nephelometers under low RH conditions but 

it is not obvious to me what the reason could be for a single nephelometer system. Please 

elaborate on likely sources for this. 

Based on this comment, an error was identified in the calculation of SSA. The SSA was 

recalculated, and the revised results were implemented throughout the manuscript and 

Supplementary Materials, including Table 1, Figures 6, 7, 8, S.5, S.7, S.8, and S.9. All 

modifications are highlighted in red. 

As a consequence of the revised SSA values and to better reflect urban background conditions, the 

SSA threshold used in Fig. 6 and Fig. S.7 was updated from 0.6 to 0.8. This resulted in a revised 

arrangement of the curves representing the percentage of observations for SSA < 0.8 and SSA > 

0.8 for both f(RH) and f(RH)bsp. 

A small fraction (~5%) of f(RH), with values typically ranging from 0.8 to 0.9, remains in the 

dataset. All data were strictly filtered to ensure RH < 40% during dry measurements and RH > 80% 

during humidified measurements, excluding the transition period of humidification conditions. 

Therefore, these values are interpreted as measurement artefacts inherent to humidified 

nephelometer systems rather than a physical aerosol property. 
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Even at sufficiently high RH, aerosol particles may not instantaneously reach equilibrium with 

water vapor, particularly during transitions between dry and wet sampling and under rapidly 

changing ambient conditions. Furthermore, hygroscopic growth shifts particles toward larger sizes, 

enhancing forward scattering and thereby increasing angular truncation effects in the nephelometer, 

which can partially offset the true scattering enhancement. Given that the overall f(RH) and 

f(RH)bsp at the Suchdol site were relatively low compared to other locations (e.g., Titos et al., 2021), 

the RH-induced change in scattering may be small relative to instrumental uncertainty. 

Most occurrences of f(RH) < 1 were restrained to a limited number of days at the beginning of the 

campaign in autumn (15–30 November 2022), a period characterized by rapidly varying aerosol 

composition and ongoing system adjustments (Fig. S.7). Given their low frequency and limited 

magnitude, these values do not affect the overall conclusions of the study. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Frequency distribution of f(RH) (left) and f(RH)bsp (right) calculated at 550 nm during 

the whole measurement campaign. The distributions are color and symbol-coded based on SAE450-

700 and SSA550 values. 
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