
Reply to RC 1:

The study by Mei et al. presents tethered balloon measurements complemented by 
surface-based and remote sensing observations and ancillary calculations 
conducted during the TRACER campaign, offering a highly valuable contribution to the 
field. The work builds upon previous research and draws on multi-platform 
measurements and derived data techniques. The detailed analysis effectively 
demonstrates the necessity of integrating distinct observation types to gain a more 
comprehensive understanding of the atmospheric processes involved. In particular, 
the aerosol concentrations and estimated CCN profiles provide new insights into the 
vertical distribution of aerosol properties as influenced by air mass origin. The 
extensive set of tethered balloon profiles enables the identification of distinct 
clusters and provide compelling statistics spanning the summer through early fall 
seasons. The case study from September 6–7 further illustrates the complexity of the 
atmospheric processes at play and reaffirms the critical role of complementary 
observational approaches in constructing a temporally and spatially coherent 
narrative. The authors demonstrate a clear awareness of the study's limitations, 
including the absence of vertical profiles of particle number size distribution and CCN 
measurements, the restricted temporal scope of the dataset, and the constraints on 
the tethered balloon's ability to operate above the boundary layer more frequently. 
Overall, the manuscript is of high scientific quality, is well-structured, and reads 
clearly. I recommend accepting the paper subject to minor revisions. 

Response: Thank you very much for the encouraging comments. 

Minor comments: 

The description of how the back trajectories are obtained might be better suited to 
the Data & Methodology section (lines 205-214), after which the results can be 
directly introduced in section 3.1 (from line 215 onward). A similar consideration 
might apply to the description of the Principal Component Analysis, which could also 
be relocated to the methods section. 

Response: Thank you for this suggestion. We have moved both the back trajectories and 
PCA description to the main “Data & Methodology section” as section “2.4 ARM Air Mass 
Back-trajectory Analysis” 

Ground-based Scanning Mobility Particle Sizer, POPS, and CCN counter instruments 
appear to have been operated during the deployment, though the specific location 
remain unclear. For this study, it would be valuable to incorporate ground-based 
particle number size distributions from 10 nm to 3000 nm. Presenting monthly 
medians alongside 25th–75th percentile ranges would help visualize concentrations 



for each mode and assess seasonal variations, providing surface-level measurements 
representative of the tethered balloon deployment periods. A similar figure could be 
envisioned for CCN, enabling a direct comparison between measured and estimated 
CCN at the ground. Additionally, markers representing surface measurements should 
be displayed at the base of the profiles in Figure 4 for each cluster. If data are 
available, markers corresponding to measured CCN at the surface should also be 
added into Figure 7. 

Response: Thank you so much for your suggestions. We added additional information 
about other ground-based instruments at the ANC site to Table 2. Additionally, the ground-
based particle number size distribution plot, similar to the reviewer suggested, has been 
published before in one of our referred paper Li et al. 2025 (included below). We also agree 
that it will be useful to include the ground data with the TBS data. However, both Figure 4 
and Figure 7 are very crowded now. Thus, we included an additional supplemental Table S2 
to present that information (included below).    

 

Figure 3 (from Li et al. 2025) First row (a–c): averaged aerosol size distributions during IOP 
in (a) marine, (b) regional, and (c) urban air masses. The solid line represents the median 
values, and the error bars indicate the 25th and 75th percentiles. Second row (d–f): 
averaged NR-PM1 mass concentrations and fractions in (d) marine, (e) regional, 
and (f) urban air masses. 



Table S2. Ground-based measurements compared with the TBS measurements for the 
periods under different cluster influences.  

 
Cluster 1 - Marine Cluster 2 - Mixed influence Cluster 3 - Continental  
Ground TBS Ground TBS Ground TBS 

T (C) 27.86±4.07 31.81±2.82 28.25±4.68 30.62±2.99 26.55±4.63 29.65±2.96 
RH (%) 78.18±18.72 50.85±23.32 74.37±20.10 57.06±22.00 71.26±20.16 58.98±17.6 
CPC (× 103 cm-3) 2.21 ± 2.72 2.14±2.75 2.71 ± 2.44 3.77±3.20 6.87 ± 7.83 6.08±3.88 

CCN (cm-3)  
SS = 0.63% 

647 ± 552 796±753 834 ± 819 1530±1490 2395 ± 2551 2379±1720 

 

Can you please clarify how the flights were grouped into cluster in section 3.2? It 
appears that the air mass origin defining each cluster influenced entire days or 
extended periods, allowing individual flights to be categorized accordingly. However, 
as illustrated by the case study on September 6, a vertical profile was influenced by 
two distinct air masses associated with Custer 1 and 2. In the case of such decoupled 
air masses, how were the corresponding flights classified? Alternatively, given that 
decoupled profiles were rarely encountered during the deployment, were they 
excluded from Figure 4? Including a figure, table, or calendar displaying the tethered 
balloon flight times alongside their identified clusters would help visualize the 
temporal distribution of the air masses sampled throughout the deployment period. 

Response: Thank you for the reviewer’s question. For the flights we carried out during the 
TRACER campaign, we didn’t observe any other decoupled air mass cases other than 
September 6. Thus, we excluded it from Figure 4 (now Figure 6). We have clarified that in 
the text. “Note that September 6 flights were influenced by both Cluster 1 and Cluster 2 
and were excluded from the cluster-influenced figures. ” 

Given the estimated CCN concentration is based on particle hygroscopicity, which is 
influenced by the volume fraction of each chemical species (Section 2.3), were the 
volume fractions adjusted to reflect the chemical composition observed aloft in the 
upper part of the profile on September 6 (Figure 9)? If so, did this yield a different 
κCCN value, and, consequently, distinct estimated CCN concentrations compared to 
those derived for the lower part of the profile? Alternatively, are changes in estimated 
CCN seen above 1000 m in Figure 8a solely attributable to variations in aerosol 
number concentration? 

Response: We thank the reviewer for this careful and important question, which has 
prompted us to clarify our approach and to quantify its associated uncertainty.  To answer 
the reviewer's final question directly: no, the volume fractions were not adjusted with 



altitude, and the variability in estimated NCCN above 1000 m in Figure 8a therefore arises 
solely from the measured aerosol number–size distribution.  

We fully agree with the reviewer that the decoupled air masses aloft differed in 
composition (Figure 8) and, hence, in density, mixing state and hygroscopicity from the air 
within the surface layer. To assess how strongly this affects our conclusions, we have 
conducted another study led by Li et al. (submitted to the Journal of Geophysical Research 
– Atmospheres and is currently under review).  We found a critical regime shift governing 
CCN activation: at SS below 0.3%, vertical variability of CCN concentration is primarily 
driven by aerosol chemical composition. At SS above 0.3%, the vertical differences are 
increasingly governed by particle size distribution and total number concentration, with 
chemical composition playing a secondary role. Thus, we kept the current figure and added 
the text below in the manuscript. “Because size-resolved chemical composition was not 
measured continuously along the vertical profiles, NCCN  was computed using a single, 
height-invariant hygroscopicity parameter for each profile. This leads to greater uncertainty 
in the estimated NCCN, especially for SS values less than 0.3% (Li et al. under review). ” 

A compelling case is presented in Section 3.5.3 , differentiating between what might 
have been anticipated from the case study and the conditions that were actually 
observed by combining aerosols, and thermodynamic variables. The importance of 
integrating multiple observation types to fully capture such an event is clearly 
demonstrated. Could you elaborate further on the broader implications of these 
findings from a climate perspective? What insights does this case study offer within a 
larger climate context? What does it reveal about our understanding of the climate 
processes for this region? 

Response: Thank you for your suggestions. We have added additional paragraph to 
elaborate further on the broad implications of these findings, “This case study reinforces a 
fundamental hierarchy of controls on deep convection, in which thermodynamic 
environment and mesoscale dynamical forcing act as first-order controls while aerosol 
effects serve only as second-order modulators: on September 7th, the combination of 
enormous CAPE, deep moisture, and robust lifting from colliding cold pools and a bay-
breeze front virtually guaranteed convection regardless of aerosol loading, meaning 
aerosols may have shaped droplet size, precipitation efficiency, or intensity but not 
whether storms occurred. This carries direct significance for forecasting—accurately 
representing boundary-layer circulations and cold-pool dynamics matters more than 
resolving aerosol fields—and offers a broader cautionary lesson that dramatic clean-
versus-polluted day contrasts can also reflect variation in underlying meteorology. At the 
regional scale, the primary finding is that aerosol character and convective favorability are 



not independent but dynamically coupled through the same circulation systems: the 
similar mesoscale processes that imported moisture, eroded inhibition, and enhanced 
instability also delivered a high-CCN aerosol population, such that clean marine air tends 
to arrive with stable, moisture-limited conditions while polluted continental inflow 
coincides with convectively primed environments. Because the region's aerosol and 
convective climatologies co-evolve with the prevailing flow, understanding—and ultimately 
projecting—convection in this coastal setting requires treating the circulation–
thermodynamics–aerosol system as an integrated whole, particularly as variability at the 
decadal time scales alters land–sea thermal contrasts, boundary-layer moisture, and 
aerosol transport pathways in ways no single-variable analysis could anticipate.” 

Specific comments: 

Line 105: “ a co-located microwave radiometer”, which model was used? Is there a 
publication associated with this instrument? 

Response:  

We revised the sentence as: “a co-located 3-channel RPG-G5 microwave radiometer 
provides time-series measurements of brightness temperature from three channels 
centered at 23.8, 30, and 89 GHz (Cadeddu et al., 2013), which are used to retrieve 
precipitable water vapor (PWV) and liquid water path (LWP) (Turner et al., 2007).” 

Reference: “Turner, DD, SA Clough, JC Liljegren, EE Clothiaux, KE Cady-Pereira, and KL 
Gaustad. 2007. “Retrieving liquid water path and precipitable water vapor from 
Atmospheric Radiation Measurement (ARM) microwave radiometers.” IEEE Transactions on 
Geoscience and Remote Sensing 45(11): 3680−3690, 
https://doi.org/10.1109/TGRS.2007.903703 “ and “Cadeddu, M. P., Liljegren, J. C., and 
Turner, D. D.: The Atmospheric radiation measurement (ARM) program network of 
microwave radiometers: instrumentation, data, and retrievals, Atmos. Meas. Tech., 6, 
2359–2372, https://doi.org/10.5194/amt-6-2359-2013, 2013.” 

Line 141: Table 1. Would it be possible to replace the “instruments” column with two 
separate columns: one listing the name and model of each instrument, and a second 
one providing the manufacturer’s name? The current column includes some model 
names but does not consistently identify the manufacturers. 

Response: Thank you. Revised.  

Line 168: For clarification, where were the ground-based SMPS, POPS, and CCN 
counter located? Were they deployed at La Porte? 

https://doi.org/10.1109/TGRS.2007.903703


Response: Thank you. We have revised the manuscript, added Table 2 and clarified the 
location of the ground-based measurements at the ANC site.  

Line 183: The calculation of CCN using the κ-Köhler theory assumes a uniform aerosol 
chemical composition from the surface up through the vertical column. Based on the 
meteorological profiles obtained from the tethered balloon, were any decoupled 
layers aloft identified during the campaign beside the case study? If so, do you have 
any statistics on their frequency of occurrence? 

Response: Thank you. September 6 is the only decoupled layer aloft we observed during 
the TRACER, based on the back-trajectories.   

Line 190: Has the uncertainty introduced by the assumption of vertically uniform 
chemical composition been quantified in previous studies?   

Response: We agree that this uncertainty is worth further study. However, we didn’t find 
any quantitative study for this region. We revised the sentence to, “These missing species, 
together with the assumption of a vertically uniform chemical composition, can influence 
the bulk hygroscopicity and introduce additional uncertainty into CCN concentration 
estimates - a source of uncertainty that warrants further experimental study.(Schulze et 
al., 2020; Ren et al., 2026)” The last two references provide informative approaches for 
further investigation.  

Line 236: Could you provide a reference describing the Principal Component Analysis 
methodology? This would be helpful for readers unfamiliar with this method, allowing 
them to access further details on the approach and potential examples of its 
application. 

Response: Thank you for this suggestion. We have added the paragraph below to the 
method section. “Principal Component Analysis (PCA) was employed to reduce the 
dimensionality of the dataset while retaining the maximum amount of variance present in 
the original variables. PCA is a multivariate statistical technique that transforms a set of 
possibly correlated variables into a smaller number of uncorrelated variables known as 
principal components (Jolliffe & Cadima, 2016). These components are linear 
combinations of the original variables and are ordered such that the first principal 
component accounts for the largest possible variance in the data, with each successive 
component capturing the maximum remaining variance under the constraint of being 
orthogonal to the preceding components.” 

Line 280: Please rename Npops and Ncpc using the corresponding particle size ranges, 
N135-3000 N>10 in both the text and figures.  



Response: Thank you for your suggestions. We revised the text to Ncpc (>10 nm)  and Npops 
(>135 nm) and also updated the figures.  

Line 289: Subtle temperature differences are described at the surface between the 
clusters. Are these differences significant? Could they be explained by the topography 
and/or the wind direction? If these differences cannot be attributed to air mass origin, 
presenting the numbers without further context may be misleading to the reader. 

Response: Thank you for pointing this out. We have revised the text, “Subtle differences in 
the vertical profiles of temperature and relative humidity were observed among the three 
air-mass clusters. However, these differences may also reflect local cloud cover, solar 
heating, wind, soil moisture, and boundary-layer mixing effects. Thus, the small 
statistically detectable difference does not establish that air-mass origin alone caused the 
difference. ” 

Line 300: It seems that DMS has not been introduced before. 

Response: Replaced DMS with “volatile dimethyl sulfide” 

Line 316, Figure 4: Could the surface measurements be added at the bottom of the 
vertical profiles, using a distinct maker or other visual differentiation? It would make it 
insightful to display the tethered balloon observations and ground-based reference 
instrument measurements in the same figure. This comment is associated with 
previous general feedback on displaying surface-based observations. 

Response: Thank you. We revised the manuscript and added Table S1.  

Line 458: Could you specify the take-off and landing times for the flights on September 
6 (and September 7)? Although the flight is represented in Figure 6 between 15:30 and 
18:30, a reminder in the text would help the reader follow the discussion more easily. 

Response: Thank you. We have added the take-off and landing times to the text.  

Line 465: Have you examined 5-day back trajectories for September 6 and 7? Do the 
longer back trajectories support the assumption of long-range transport for the 
overlying aerosol layer? Additionally, have you considered visualizing the back 
trajectories with time on the x-axis, altitude on the y-axis, and an indication of whether 
the air mass traveled below or above the boundary layer during its transport? Potential 
supplementary figures presenting these analyses could further reinforce the narrative 
of the case study. 

Response: Thank you for your suggestions. We examined 5-day back trajectories for 
September 6 and 7, and the longer back trajectories support the assumption of long-range 



transport for the overlying aerosol layer. In this study, we focused on 24-hour back 
trajectories because longer trajectories become increasingly uncertain, especially for 
higher-level starting points (due to the much stronger winds and frequent wind shear). One 
of the references about ARMTRAJ published in the ESSD 
(https://essd.copernicus.org/articles/17/29/2025/) discusses this in detail, e.g., in its Sect. 
3.1 and the first conclusions section (Sect. 5).  

We have included additional plots visualizing the back trajectories as supplementary figure 
S7 and S8.  

 

Figure S7. The time series plot shows the temporal evolution of air-mass parameters along 
trajectories initialized at the center coordinates together with the ensemble mean of the 
height-to-pblh ratio for September 6 flights.  

 



Figure S8. The time series plot shows the temporal evolution of air-mass parameters along 
trajectories initialized at the center coordinates together with the ensemble mean of the 
height-to-pblh ratio for September 7 flights.  

Line 475, Figure 8: Could the pressure levels in Figure 8c and 8d be converted to 
altitude? It would facilitate a more direct comparison with Figure 8a. 

Response: Thank you for your suggestion. We updated Figures 8 and 10. 

Line 520: CAPE has not been introduced before.  

Response: Revised. Convective Available Potential Energy (CAPE)  

Technical comments: 

Line 62: A period is missing between “and chemical composition” and “Airborne 
platforms”. 

Response: Thank you, corrected. 

Line 397: When referring to Figures (a)–(c), do you mean Figures 7 and S2? Please 
clarify and ensure the figure references are correct. 

Response: Thank you, corrected. I have updated the text and also Figures 7 and S2.  

Line 460: a period is missing between “increase with altitude" and "These trends”. 



Response: Thank you, corrected. 

Line 471: Figure S8 is introduced before Figure S4 in the reading order. Please consider 
renumbering the supplementary figures to follow the sequential order in which they 
are first cited in the text. 

Response: Thank you, corrected. 

Line 483 and following paragraphs: mb and hPa are used throughout. Please 
harmonize the units to SI standards by using hPa consistently throughout the 
manuscript. 

Response: Thank you for catching this.  The manuscript has been corrected to hPa. 

Figure S6: The legend appears to be incorrect. Please update it with the appropriate 
and correct legend. 

Response: Thank you for catching this. The manuscript has been corrected. 



Reply to RC 2:

The paper titled "Synthesis of the tethered balloon system and other TRACER 
campaign measurements elucidates aerosol property profiles" reports a topic of a 
great interest concernig the aerosol vertical profiles. 

Here below my major and minor comments listed from the abstract till the 
conclusions of the paper: 

Abstract: • Lines 17: explain DOE (Department of Energy?)

Response: Revised. 

Section 2.1: 

• Line 101: "June to September 2022". Please specify why the campaign was
planned in summer and if other campaigns are planned in other seasons

Response: Thank you. We revised the text to, “Conducted from June through September 
2022 in the Houston, Texas, region, the TRACER Intensive Observation Period (IOP) was 
timed to capture frequent warm-season convection generated by strong surface heating, 
abundant Gulf moisture, and sea-breeze circulations. Combined with Houston’s urban and 
industrial emissions and the contrasting marine and rural air masses, these conditions 
provided an ideal setting for investigating aerosol–convective-cloud interactions across a 
wide range of aerosol loadings and meteorological conditions.” 

• Figure 1 does not report the transects cited at line 113

Response:  The specific transect routes are not shown because they varied among 
sampling days. We revised the sentence to avoid confusion.  

Section 2.2: 

• Inlcude a picture of payload (described in table 1) of the TBS

Response: Thank you. We include a picture of the payload in the supplementary 
document.  

• Lines 138-139: report briefly even in the present paper the frequency
distribution of TBS profiles per hour of day. It is needed for the environmental
and meteorological context of TBS soundings

Response: Thank you. We have included a supplement table of taking off and landing time 
for each TBS flight and revised the text, “Detailed TBS daily operation reports can be found 



in Appendix A of the campaign report (Jensen et al., 2023). The taking-off and landing times 
for each flight were listed in Table S1.” 

• Lines 145-151: you used stage D of STAC. What about the other stages?

Response:  For the TRACER campaign, we focused on Stage D samples because their 
limited sample material was analyzed using both CCSEM/EDX and STXM/NEXAFS. This 
complementary approach maximized the information obtained from each sample and was 
most relevant to CCN number concentration. 

• Lines 166-170: provide here the methodology, equations and parameters used
for Lidar f(RH) corrections. Please note that as reported by Martin (2000, DOI:
10.1021/cr990034t), the aerosol can be humid even below the activation relative
humidity depending on RH history and efflorescence RH. As you used RH
vertical profiles, discuss the limitation of your approach in the context of the
scientific literature as above and the lack of temporal trend of RH with height.

Response: Thank you for pointing this out. The CCN estimation from the MPL retrieval has 
been carried out and detailed in another study by Chen et al. 2025. We revised the text to, 
“Chen’s retrieval method assumes that surface measurements of aerosol size distribution, 
composition, and cloud-activating ability are representative of their vertical profiles, except 
in cases of elevated layers like smoke or dust. The approach involves determining the 
vertical profile of the cloud-free aerosol backscatter coefficient using lidar and radiosonde 
data. The aerosol backscatter coefficient is then corrected for hygroscopic growth using 
the lidar hygroscopic growth correction factor f(RH), which is calculated from 
hygroscopicity parameters derived from ground-based Scanning Mobility Particle Sizer 
(SMPS), POPS, and CCN counter measurements, along with relative humidity profiles from 
radiosondes. The resulting dry aerosol backscatter profiles were subsequently used to 
retrieve vertical CCN concentration profiles. We used these retrieved profiles to 
complement our CCN profile estimated from the ANC location and to provide broader 
spatial and vertical context.” 

• Line 168: "CCN count measurements": as in section 2.3 you estimated it. As the
Lines 166-170 are also based on CCN data, discuss the error of f(RH) even
considering the fact that CCN are estimated

Response: The CCN estimation from the MPL retrieval has been carried out and detailed in 
another study by Chen et al. 2025. The estimated CCN data discussed in section 2.3 is 
based on the aerosol measurements after a dryer (RH < 40%). We have revised the text to 
avoid confusion. “Both the POPS and CPC were equipped with dryers in their sampling 
lines to reduce the relative humidity of the sampled aerosol flow to below 40%.” 



Section 2.3: 

•  The size distribution interpolation and log-normal reconstruction is feasible 
only if the POPS data are corrected with respect to aerosol refractive index, 
laser properties of POPS and POPS inner geometry. Improve this section with 
such calculations (Heyder et al., 1979: Optimization of response functions of 
light scattering instruments for size evaluation of aerosol particles. Appl Opt 
1979;18(5):705–11), compare them with the original ones and redo the CCN 
estimation based on new POPS size distribution interpolation. Consider that 
POPS can bring undersizing (Guyon et al., 2003: Refractive index of aerosol 
particles over the Amazon tropical forest during LBA-EUSTACH 1999. J Aerosol 
Sci 2003;34:883–907). As one of the goal of the present manuscript is related to 
CCN, its methodology has to be perfect. 

Response: We thank the reviewer for raising this point, which has led to a more rigorous 
treatment. We would like to first clarify an important detail that was not sufficiently explicit 
in the submitted manuscript: the size bins of our POPS are referenced to an ammonium 
sulfate calibration performed with DMA-classified monodisperse particles, not to a 
polystyrene latex calibration. The reference refractive index of our sizing scale is that of 
ammonium sulfate (n ≈ 1.54–1.56 at λ = 405 nm), which lies within the range reported for 
ambient submicron aerosol, rather than the n = 1.615 of PSL. The undersizing bias 
highlighted by the reviewer and by Guyon et al. (2003), which for PSL-calibrated counters 
can reach tens of percent, is therefore much smaller here. 

We have revised the manuscript and stated in the revised Methods (Sect. 2.2): 

“The POPS size bins were assigned from a calibration with DMA-classified ammonium 
sulfate particles rather than polystyrene latex spheres, so the reference refractive index of 
the sizing scale (n ≈ 1.54 at λ = 405 nm) lies within the range reported for ambient 
submicron aerosol, reducing the sizing bias associated with the assumed refractive index. 
A further consideration is the influence of long-range-transported mineral dust, whose 
refractive index differs from that of the ammonium sulfate used to assign the POPS size 
bins. We therefore assessed the sensitivity of the retrieved size distribution to the assumed 
refractive index. Adopting a dust-representative value (m = 1.52 + 0.002i) in place of the PSL 
calibration value and recomputing the Mie response curve shifts the bin boundaries by less 
than 4% in diameter below 1.38 µm (Kezoudi et al., 2026). These shifts are smaller than the 
corresponding POPS bin widths across the size range; i.e., within the instrument's size 
resolution, the shape of the binned distribution is preserved to within counting uncertainty. 
This indicates that the change in CCN concentration is small.” 



 

•  Line 180: please also add as a control the comparison between the fitted size 
distribution number concentration between 10 and 135 nm obtained as 
difference between CPC and POPS  

Response: Thank you for your suggestion. We revised the sentence to clarify our approach, 
“The parameters of the fitted size distribution were determined through iterative 
optimization, minimizing the sum of squared errors between the fitted and measured size 
distributions over the 135–1000 nm range. The fit was further constrained such that the 
integral of the distribution from 10 to 135 nm reproduced the difference between the total 
number concentrations measured by the CPC and the POPS to within 10 %, consistent 
with the combined counting uncertainty of the two instruments. Consequently, the integral 
of the fitted distribution over the full 10–1000 nm range agrees, within the same tolerance, 
with the total number concentration measured independently by the CPC.”  

•  Line 182-184: please discuss the assumption of an homogeneous chemical 
composition. What about vertical formation of secondary aerosol components. 
Please discuss this part with respect to scientific literature referred to the 
context of TBS. Finally, also discuss the limitation of a chemical change with 
altitude with respect to aerosol refractive index and therefore POPS size 
correction. 

Response:  We thank the reviewer for raising this important point. We agree that the 
assumption of vertically uniform chemical composition is a simplification, and that 
secondary aerosol formation and gas–particle repartitioning above the surface layer can 
invalidate it. We revised this section and added, ”Aerosol composition is not necessarily 
vertically uniform, even within a nominally well-mixed boundary layer. New particle 
formation has been observed to occur preferentially in the upper mixed layer, the 
entrainment zone, and the residual layer rather than at the surface, where condensation 
sinks are larger, and precursor photochemistry differs. Semi-volatile species repartition in 
response to the vertical temperature and relative humidity gradients: ammonium nitrate 
and semi-volatile organics shift toward the particle phase at the lower temperatures 
encountered aloft, so the organic-to-inorganic ratio measured at the surface may not apply 
at the top of the profile. (Zhang et al., 2026; Lata et al., 2025; Lata et al., 2023; Creamean et 
al., 2021; Huffman et al., 2009) Our assumption is therefore most appropriate for the 
daytime and convectively well-mixed boundary layer, and may not apply for decoupled 
profiles, such as cases on September 6 (discussed more in section 3.5).” 

•  Line 191: add the densities used for the volumetric average 



Response: Thank you. Revised to, “The densities of (NH4)2SO4 and NH4NO3 were assumed 
to be 1770 kgm−3 and 1730 kgm−3, respectively.  Organics were assumed to have a density 
of 1350 kg m-3, which is within the typical range of previous measurements.(Engelhart et 
al., 2011)” 

Section 3.2: 

•  Figure 4: As Ran et al. (2016, doi:10.5194/acp-16-10441-2016) did, when 
averaging vertical profiles of aerosol it is necessary to use a normalized height 
with respect to the PBL calculated from h/PBL_height−1; Please compute again 
vertical profiles average in Figure 4 to check them and compare with the 
absolute altitude averaged profiles to ensure consistency within the 
environental interpretations of the results, for example the assertion that "This 
suggests that the local-scale thermal structure and boundary-layer depth were 
not strongly dependent on air-mass origin during the sampled period...". This is 
what you did in section 3.4 for CCN profiles 

Response: Thank you for your suggestions. We have added additional supplementary plots 
as suggested to confirm our discussion. “This suggests that the local-scale thermal 
structure and boundary-layer depth were not strongly dependent on air-mass origin during 
the sampled period, as confirmed with the normalized vertical profiles in Figure S2(a).” 

 

                   (a)                                  (b)                                  (c)                                (d)                              (e) 

Figure S2. Normalized vertical profiles of atmospheric conditions (a) ambient temperature; 
(b) ambient relative humidity; (c) total particle concentration measured by the portable 
optical particle spectrometer (POPS, particles ranging from 135 to 3,000 nm); and (d) total 
particle concentration measured by the condensation particle counter (CPC, particles 



greater than 10 nm) (e) data points collected at the corresponding altitude for each cluster 
with a dash line marks the 500 data points. The square symbols represent the averaged 
mean values of the sampling periods, while the error bars denote the standard deviation of 
the measurements. The altitude was normalized by the boundary layer height derived from 
radiosonde profiles.  

•  Figure 4: panels c) and d) are inverted, moreover the panel letter is missing 
within the figure 

Response: Thank you. Corrected.  

• Line 288: "subtle"? Suitable? 

Response: changed it to “slight” 

• Line 314: "new particle formation". With the present apparatus it is impossibile 
to speculate about it. Please remove the statement. 

Response: Thank you, removed.  

Section 3.4: 

• Results seems interesting, however refer to my comment related to section 2.3 
and POPS size distribution correction before interpolation and CCN 
determination. After the number size distribution correction and new CCN 
determination results have to be updated. The same happens for section 3.5 

Response: Thank you for your suggestions. We have clarified this issue with the previous 
response.  

• Lines 434-437: you assumed homogeneous chemical composition.... these 
lines are mostly a matter of speculation, please remove them 

Response: Thank you. Removed.  

• Figure 7 lacks of panel letters 

Response: Thank you. Revised. 

•  What about number size distribution change with altitute in respect to CCN? 
Please add the vertical profiles of mean diameter and geometric standard 
deviations of the modes interpolated for each cluster and compare them with 
CCN 

Response: Thank you for this great suggestion. We have reordered section 3 and revised 
section 3.3 to include a discussion of the vertical profiles of the mean diameters and 



geometric standard deviations of the modes in merged CPC-POPS size distributions (Figure 
S3).  

 

Figure S3 Clustered vertical profiles of aerosol mode parameters from 49 TRACER tethered-
balloon flights: geometric mean diameter 𝐷𝐷𝑔𝑔(a, d), geometric standard deviation 𝜎𝜎𝑔𝑔(b, e) 
and number concentration 𝑁𝑁(c, f) for the Aitken (top) and accumulation (bottom) modes. 
Two log-normal modes were fitted to 50-m altitude-binned merged CPC–POPS size 
distributions for each flight, interpolated onto a common grid and averaged logarithmically 
within each cluster. Lines denote the geometric mean of per-flight fits; shaded bands 
denote ±1 geometric standard deviation across flights. Aitken-mode 𝐷𝐷𝑔𝑔and 𝜎𝜎𝑔𝑔depend on 
the assumed sub-135 nm reconstruction. 

 

Section 3.5: 

• Panel labels of Figures 8, 9 and 10 are missing 

Response: Thank you. Revised.  

PLEASE PROVIDE AN ACRONYMS TABLE OR APPENDIX 

TBS Tethered Balloon System 



TRACER Tracking Aerosol Convection interactions 
ExpeRiment 

CCN Cloud Condensation Nuclei 
CPC Condensation Particle Counter 
ARM Atmosphere Radiation Measurement  
AMF ARM Mobile Facility 
Tof-ACSM or ACSM Time-of-Flight Aerosol Chemical 

Speciation Monitor 
ACTIVATE Aerosol Cloud meTeorology Interactions 

oVer the western ATlantic Experiment 
IOP  Intensive Observation Period  
ANC Ancillary site 
PWV Precipitable Water Vapor 
LWP Liquid Water Path 
NEXRAD Next Generation Weather Radar 
PPI Plan Position Indicator  
POPS Portable Optical Particle Spectrometer  
STAC Size- and Time-Resolved Aerosol Collector  
nano-DESI-HRMS nanospray Desorption ElectroSpray 

Ionization High-Resolution Mass 
Spectrometry 

PBLHT Planetary Boundary Layer Height 
MPL MicroPulse Lidar  
TAMU Texas A&M University 
HYSPLIT Hybrid Single-Particle Lagrangian 

Integrated Trajectory 
ECMWF European Center for Medium-Range 

Weather Forecasts  
PCA Principal Component Analysis  
CAPE Convective Available Potential Energy 
CIN Convective Inhibition 
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