Responses to the Comments of Reviewer #1

We express our sincere gratitude for your invaluable suggestions, which are highly
beneficial for enhancing the quality of our manuscript. We have meticulously
addressed all the points you raised and provided a point - by - point response to each

comment as follows.

General Comments

1. The English writing in this article is a bit subpar. I understand that English is not
everyone’s first language but there are many instances where the language used
detracts from the science. I have made several comments about the language under the
“Minor Issues” section but it is not an exhaustive list. I highly recommend the authors
have the article proof-read by a person proficient in English grammar to improve
readability.

Response: Thank you for your constructive suggestions for improving the manuscript.
In accordance with your specific remarks regarding the language within the “Minor
Issues™ section, the article was meticulously proofread by an individual well - versed
in English grammar to enhance its readability. Notable enhancements are discernible

across the entirety of the revised manuscript.

2. The introduction need significant rewriting for clarity. Most of the issues are
English grammar related, but there are some issues of flow. It is unclear what the
hypotheses are and what questions the authors are trying to answer. Black and brown
carbon are brought up but the UVPMsec that are mentioned in the abstract are not
mentioned.

Response: 1 express my sincere gratitude for your constructive proposals regarding
the improvement of the manuscript. In accordance with your suggestions, the
introduction has been substantially revised to enhance clarity, encompassing issues

related to English grammar and certain flow - related problems.

The vertical distribution of the concentration and optical properties of aerosol

particles serves as crucial information for comprehending the interactions between



aerosols and the planetary boundary layer (PBL), as well as the influence of these
interactions on the regional climate and environment (Hallar et al., 2021). As the
primary light - absorbing aerosols, the vertical distributions of black carbon and
brown carbon are crucial for the structure of the PBL and its associated impacts.
However, when compared to surface observations, the collaborative vertical
observations of meteorological and environmental variables are challenging and
limited, especially in complex terrains. The vertical structure of black carbon and
brown carbon, along with its formation mechanism, was primarily elucidated by
regional transport and vertical mixing. The mechanism was more intricate in the
sloped terrain around the Tibetan Plateau (TP). Under the backdrop of rapid warming,
black and brown carbon in South Asia and the Sichuan Basin can be transported to the
TP due to the strengthened “heat pump” effect of the TP. Previous research has
predominantly concentrated on the transport of pollutants from the surface to the
upper atmosphere. In contrast, the mechanism of downward transport of pollutants
remains inadequately comprehended. Notably, the role of mechanical turbulence
induced by wind shear, which is prominent on the leeward slope of large - scale
terrain, has received limited attention. Based on the aforementioned process, the
introduction will be elaborated upon in the revised manuscript. Moreover, in fact,
UVPM is brown carbon; therefore, UVPM;.. will be substituted with BrCs.. and

comprehensively presented throughout the revised manuscript.

3. The Data and Methods section also needs significant rewriting. I have outlined
some specific comments below but it is hard to follow. Consider splitting this section
up in to something like:

1. Experimental setup and Data Collection

1.1. Instrument specific quality control

2. Methods

2.1. Specific methods used get a subsection
Response: [ express my sincere gratitude for your highly valuable suggestions. As
you have pointed out, the "Data and Methods" section lacks clarity and coherence. In

the revised manuscript, this section will undergo substantial rewriting and



reorganization, and it will be divided into the following sub - sections.
2.1 Experimental setup and data collection
2.1.1 Experimental setup
2.1.2 Data collection and quality control
2.2 Methods
2.2.1 Identification of potential source regions for BC and BrCsec
2.2.2 K-means cluster analysis

2.2.3 Utilization of turbulence parameters

4. There are significant deficiencies in the turbulence section of this article (Section
2.5). Terms are used that I have not seen in the atmospheric literature and no
references are given to the way the terms are defined. Since aerosols and turbulence
are so interlinked, I strongly encourage the authors to look at how turbulence statistics
are used in similar articles.

Response: Thank you for your constructive suggestions. The turbulence section of
this article has undergone substantial revision, and it has been renamed as "2.2.3
Utilization of turbulence parameters", serving as a subsection of "2.2 Methods". The

details of the section's revision are presented in blue text as follows.

2.2.3 Utilization of turbulence parameters

Turbulent kinetic energy (TKE) serves as an indicator of turbulence intensity, and it
represents a crucial variable for the comprehension of the exchanges of energy, water
vapor, and greenhouse gases between the land surface and the atmosphere. The
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turbulent velocity scale, defined as VTKEZ[(I/ 2) (u’2+v'2+w'2) =\ TKE, has been

widely employed to characterize turbulence intensity (Lan et al., 2018; Sun et al.,
2012). Here, u, v, and w denote the zonal, meridional, and vertical wind components
respectively, while u’, v’, and w’ signify the standard deviation of each variable. The
vertical profiles of Vrxe can be derived from the aforementioned equation. A positive
correlation exists between the Vrke and mechanical turbulence, such that an increase

in Vtke corresponds to an enhancement of mechanical turbulence. The combination of



the profiles of VTke and air pollutants can be employed to gain a more comprehensive
understanding of the downward transport of air pollutants at the eastern foothills of

the Tibetan Plateau.

The TKE budget equation offers a more comprehensive and in - depth
understanding of the generation, transport, and dissipation of turbulence along a

specific transect (Martilli et al., 2002, Eq. 4).
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where e represents the TKE, ¢ denotes time, g signifies the acceleration due to gravity,

T stands for temperature, 6 represents the potential temperature, w6 refers to the

turbulent heat flux, uw' indicates the turbulent momentum, p denotes the air density,

u represents the wind speed, z represents the observational height, w’ represents the
vertical wind velocity fluctuation, and p’ represents the atmospheric pressure
pulsation. The value of TKE is primarily influenced by mechanical shear and
buoyancy effects (represented by the first two terms on the right - hand side of
Equation 4). In the context of unstable stratification, a significant correlation exists
between TKE and the effects of mechanical shear and buoyancy (Yue et al., 2015).
During the campaign, the buoyancy effect is notably suppressed on cloudy days (Song
and Zhang, 2024). Furthermore, considering the constraints of the deployed
instrumentation and the available measurements with relatively low temporal
resolution, this study only analyzed the mechanical shear (including wind speed shear

and directional shear).

According to Mahrt (2017), the wind speed shear was defined as
Sh= V= [Visoriy m|=1Viml, (5)
where 8V denotes the disparities in wind speed (V) between adjacent measurement

levels with an interval of 50 meters (Fig. S1), and i represents the height at the

specific level. Furthermore, Syvec was defined as the magnitude of the vector shear,



which was determined by the vertical disparities in the wind - speed components.

Svec =0V = V (5 )2+(5 )2 = J('u(50+i)m|_|uim|)2+(|v(50+z’)ml_lviml)za (6)

where u and v denote the zonal and meridional wind components, respectively. The

wind - directional shear can be quantitatively characterized as the disparity between
the magnitude of the vector shear and the speed shear.

= - (7

where Sqir is denoted in m s!.

5. Things to consider (in no particular order):

* Better description of experimental setup

Response: Thank you for catching that. The section of "2.1.1 Experimental setup"
was better described and the revised Fig. 1 shows experimental configuration for two
- dimensional pollution and meteorology within the PBL at the rural site of Sanbacun,
which is situated at the eastern foothills of the TP. Table 1 listing equipment utilized
and the corresponding parameters during the 1* BLMP - SCB campaign conducted at
the rural site was also added to the revised manuscript. The section of "2.1.1

Experimental setup" was showed in blue text as follows.

2.1.1 Experimental setup

The First Campaign on Planetary Boundary - Layer Meteorology and Pollution
in the Western Sichuan Basin (1 BLMP - SCB) was carried out at a rural location
(Sanbacun, 103°40'38" E, 30°54'59"” N, 650 m) on the eastern foothills of the Tibetan
Plateau from December 2018 to January 2019 (during the winter of 2018-2019), with
a duration of approximately 40 days (Fig. 1). A tethered balloon, filled with 10 m* of
helium and serving as a carrier with a maximum payload capacity of 8.0 kg, was
employed to conduct in - situ observations of the vertical profiles of key PM; (mass
and carbonaceous components), gaseous pollutants (CO, NO, NO, O3, TVOCs), and
meteorological variables (temperature, RH) within the PBL. The balloon ascends or
descends at a constant velocity of 0.5 m s7!. It is regulated by an electric winch from

the ground to reach a specific altitude. When the wind velocity in the upper layer



exceeds 5.0 m s7!, the balloon is retracted to guarantee the safety of the onboard
instruments. The variables were monitored at three - hour intervals (02:00, 05:00,
08:00, 11:00, 14:00, 17:00, 20:00, 23:00) as the balloon ascended and descended at
each timestamp during the campaign. Each upward and downward sounding endures
approximately two hours. The variation in conditions between upward and downward
sounding is not substantial. Consequently, the profile at each timestamp represents an
average of the upward and downward sounding. Consequently, eight vertical profiles
can be acquired daily, which facilitates the comprehension of the diurnal variations of
the PBL turbulence and its effects. The local time (Beijing Time = UTC + 8) was

employed throughout the manuscript.
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Fig. 1 Experimental configuration for two - dimensional pollution and meteorology
within the PBL at the rural site of Sanbacun, which is situated at the eastern foothills
of the TP. The color transition from green to gray signifies that the altitude spans from

500 m to 4000 m. The equipment employed is presented and detailed in Table 1.

Table 1 Equipment utilized and the corresponding parameters during the 13 BLMP -

SCB campaign conducted at the rural site of Sanbacun.



Instruments Model Variables Accuracy Time
resolution
Carbon MA-200 Carbonaceous 0.001 pgm™= 5 seconds
Analyzer aerosols at five
wavelengths

Alphasense  Ox-B431 03 1 ppb 5 seconds
Alphasense  NO»-B43F NO, 0.5 ppb 5 seconds
Alphasense  NO-B4 NO 5 ppb 5 seconds
Alphasense  CO-B4 CO 1 ppb 5 seconds
Alphasense  SO»-B4 SO 5 ppb 5 seconds
Alphasense =~ OPC-N2 PMi, PM,s, PMio 10 ug m= 5 seconds
Alphasense  PID-AH TVOCs 1 ppb 5 seconds
Radiosonde  iMet-1-AB Temperature, RH 0.3 °C for 1 seconds

temperature,

5.0% for RH
Wind Windcube-200s wind speed and 0.lms'for 5-20
Doppler direction, vertical speed, and 2°  seconds
Lidar wind velocity, and  for direction

turbulence intensity
Radiometer MWP967KV Temperature, RH 0.8-1.0 K for 5 seconds
CNGC-01001 temperature,
10% for RH

» How are tethered balloon profiles taken? Is it up and down at each timestamp (Line

140)?

Or is the balloon constantly up with an array of radiosondes along the tether length.

o Ifup-down are the profiles shown an average of the up and down sounding?

o How long was each up and down sounding?

o Did the conditions change significantly within a sounding?



o Are the lines of Fig. 2 averages of all 40 days? Or is it a single day?

Response: We appreciate your inquiries. As you have pointed out, there are numerous
ambiguous aspects regarding the operations of the tethered balloon in the manuscript.
Therefore, these issues have been rectified and more comprehensively elucidated in
the revised edition of our manuscript. The relevant contents are presented in the

subsequent blue - colored text.

A tethered balloon, filled with 10 m* of helium and serving as a carrier with a
maximum payload capacity of 8.0 kg, was employed to conduct in - situ observations
of the vertical profiles of key PM; (mass and carbonaceous components), gaseous
pollutants (CO, NO, NOz, O3, TVOCs), and meteorological variables (temperature,
RH) within the PBL. The balloon ascends or descends at a constant velocity of 0.5 m
s, It is regulated by an electric winch from the ground to reach a specific altitude.
When the wind velocity in the upper layer exceeds 5.0 m s!, the balloon is retracted
to guarantee the safety of the onboard instruments. The variables were monitored at
three - hour intervals (02:00, 05:00, 08:00, 11:00, 14:00, 17:00, 20:00, 23:00) as the
balloon ascended and descended at each timestamp during the campaign. Each
upward and downward sounding endures approximately two hours. The variation in
conditions between upward and downward sounding is not substantial. Consequently,
the profile at each timestamp represents an average of the upward and downward
sounding. Eight vertical profiles can be acquired daily, which facilitates the
comprehension of the diurnal variations of the PBL turbulence and its effects.

Additionally, the vertical profiles of Fig. 2 are averages of all 40 days.
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Fig. 2 Diurnal variations of the vertical profiles of (a) BrCse, (b) BrCpri, (c)
BrCseo/BrC ratio, and (d) BC during the campaign. These profiles represent the
averages of all days throughout the campaign. The black arrows in (a) and (c) indicate

the temporal movement of the peaks of profiles of BrCsec and the BrCs../BrC ratio.

* Getting to the end of the paper I still do not understand the difference between the
variety of UVPM particle types mentioned.

Response: Thank you for your question. The expression of UVPM is relatively
infrequent; consequently, it was substituted with brown carbon (BrC) in the revised
manuscript. The optical and thermal analyses, along with electron microscopy,
conducted through laboratory and field experiments, have offered substantial evidence
for the presence of certain organic carbon (OC) possessing light - absorbing properties
(Kirchstetter et al., 2004). This fraction of absorbing OC, referred to as brown carbon
(BrC), exhibits strong absorption in the ultraviolet wavelengths and relatively weaker
absorption as it extends into the visible range (Hoffer et al., 2006). Brown carbon is
generated through the inefficient combustion of hydrocarbons and the photo -

oxidation of biogenic particles (Andreae and Gelencser, 2006), namely primary



sources (BrC,i) and secondary formation (BrCsc). The above explanations were

integrated into the introduction section in the revised manuscript.

* Supplemental information, at least to me, should be standalone and not referenced
significantly in the actual article. Currently the figures in the supplemental
information are talked about as if the reader has them on the page in front of them.
Response: Thank you for your constructive suggestions for improving the readability
of the manuscript. As you have indicated, Figures S1, S3 and S6 appears to be more
valuable within the paper rather than in the supplementary information. Consequently,
The figures have been relocated to the revised main text. In total, six figures (Figs.
S1-S6) are incorporated in the revised supplementary information. These figures are

standalone and not extensively referenced in the actual article.

* Figures are hard to interpret, especially the supplemental ones.

Response: | sincerely appreciate your constructive suggestions. As you have pointed
out, the figures presented in the main text and supplementary information are difficult
to interpret. Therefore, for the purpose of facilitating better interpretation, all figures
have been redrawn and reorganized. Consequently, in the revised version of our
manuscript, the differences attributed to daytime, nighttime, and altitude are highly

discernible.

* Make very clear what data are used and where.

Response: Thank you for your reminder. The First Campaign on Planetary Boundary
- Layer Meteorology and Pollution in the Western Sichuan Basin (1% BLMP - SCB)
was carried out at a rural location (Sanbacun, 103°40'38" E, 30°54'59"” N, 650 m) on
the eastern foothills of the Tibetan Plateau from December 2018 to January 2019
(during the winter of 2018-2019), with a duration of approximately 40 days (Fig. 1).
In this study, the vertical profiles of carbonaceous aerosols (black carbon [BC] and
brown carbon [BrC]) measured by a micorAeth MA200, along with the horizontal
wind profiles and vertical wind velocity (w) observed by a Doppler Wind Lidar

mounted on a tethered balloon, were predominantly utilized. Moreover, all the



equipment employed and the corresponding parameters during the 1% BLMP - SCB
campaign carried out at the rural site were presented in Table 1, as previously

mentioned.

* Define the three groups (clusters???) early on in the article

Response: I express my sincere gratitude for your constructive suggestions regarding
the improvement of the manuscript. As you have pointed out, it is of utmost
significance to define the three clusters at the early stage of the article. Therefore,
before presenting the results, the three typical types of secondary BrC (BrCse)
profiles were defined in Table 2 of the subsection of “2.2.2 K-means cluster analysis”

of “2.2 Methods” in the revised edition of our manuscript.

Table 2 Characteristics of the three clusters of BrCse. profiles.

Cluster  Descriptions Frequency

1 Relatively uniform vertical distributions 17.28%

2 Higher values at an altitude of 1.4 km above sea level 16.05%
(ASL)

3 More rapid decreases with the increase in altitude 66.67%

* Keep figure style consistent throughout to make comparisons easy

Response: 1 sincerely appreciate your reminder. As you have pointed out,
maintaining consistent figure styles throughout the manuscript is of paramount
importance for facilitating comparisons. Consequently, in the revised version of our
manuscript, the styles of Figures 3 and 4, as well as Figures 8 and 9, have been
standardized. Moreover, the styles of the figures in the supplementary information
have also been made consistent with those in the main text to enhance the ease of

comparison.

» The flow of the article is nonexistent. I do not have a good recommendation at the
moment but the authors need to sit down and outline the article first and make sure the

discussion and results come in both a logical and aesthetic way. The article is rather



lengthy and I feel like another pass at an outline will help the authors remove
unnecessary information.

Response: | sincerely appreciate your constructive suggestions. As you have pointed
out, the unclear flow of the article significantly undermines its readability.
Consequently, the structure of the article has been reorganized. In fact, this study
initially conducted an analysis of the vertical profiles of black carbon (BC) and brown
carbon (BrC, classified into primary brown carbon (BrC,i) and secondary brown
carbon (BrCs) according to sources) in the eastern foothills of the TP. The
concentrations of BrCsc were elevated in the upper atmosphere after noon, whereas
the concentrations of BC and BrC,; were concentrated near the surface. More
interestingly, it is discovered that subsequent to noon, the peak of the BrCse profile
progressively approaches the ground over time, whereas this phenomenon does not
occur for BC and BrC;i. Based on our prior research, mechanical turbulence triggered
by wind shear on the leeward slope of the TP occurs frequently and is intense in the
upper atmosphere. Consequently, it has been discovered that BrCs. in the upper
atmosphere is transported downward into the PBL by the mechanical turbulence
induced by wind shear. Furthermore, we also explored the influence of long - range
and regional transport on the temporal variations of BrCse. profiles. The impacts were
negligible as the gridded back - trajectory concentrations and pollution rose plots of

BC and BrCsec were comparable.

* The results don’t really show me how turbulence has any impact on the vertical
profile of aerosols.

Response: [ express my gratitude for your suggestions. As you have indicated,
discerning the influence of turbulence on the vertical profiles of aerosols from the
previous figures is not straightforward. Consequently, the relevant figures have been
redrawn in the revised manuscript. As depicted in Fig. 2a, the peak of BrCs.c profiles
at 1.4 km ASL progressively approaches the ground from 11:00 to 20:00. Meanwhile,
the ratio of BrCsec to BrC gradually moves away from the ground during the same

time intervals. The variation in BrCsec profiles was synchronized with those of wind



shear (Svec) and vertical wind velocity (w) (Fig. S2), suggesting a significant impact of

the descending motion induced by wind shear on the BrCs.. profiles.
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Fig. 2 Diurnal variations of the vertical profiles of (a) BrCse, (b) BrCpri, (c)

BrCseo/BrC ratio, and (d) BC during the campaign. These profiles represent the

averages of all days throughout the campaign. The black arrows in (a) and (c) indicate

the temporal movement of the peaks of profiles of BrCsec and the BrCs../BrC ratio.
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Fig. S2 Diurnal variations in the vertical profiles of (a) vector shear (Svec) and (b)

vertical wind velocity (w) as observed by the Doppler Wind Lidar during the



campaign. These profiles represent the mean values across all days of the campaign.
The white arrows denote the temporal progression of the peaks of profiles of Svec and

w.

To more comprehensively elucidate the influence of mechanical turbulence on BrCie.
profiles, the k - means cluster analysis method was employed to categorize BrCsec
profiles into three clusters. Specifically, Cluster 1 comprises relatively uniform BrCsec
profiles; Cluster 2 consists of BrCsec profiles featuring a peak at 1.4 km ASL; and
Cluster 3 involves BrCse profiles exhibiting a more rapid decline in BrCs.. with
increasing height (Fig. 6a). As is evident from Fig. 6, there exist substantial disparities
in the profiles of environmental and meteorological variables across the three clusters.
In Cluster 1, the BrCsec profile exhibited greater uniformity, with slightly elevated
concentrations within the altitude range of 1.7 km to 2.1 km ASL. This phenomenon
was closely associated with favorable atmospheric dispersion, specifically
characterized by a more substantial temperature disparity between the lower and
upper atmospheres (Fig. 6f), weak descending motion (Fig. 6g), and a uniform profile
of turbulence intensity (Fig. 6j). In Cluster 2, the concentrations of BrCse. exhibited a
notable peak at 1.4 km ASL. Moreover, the concentrations of O3 were substantially
higher, whereas those of PM; were comparatively lower when contrasted with those
of Clusters 1 and 3. This finding implies that this cluster corresponds to secondary
pollution. From the perspectives of meteorological factors, the temperature profiles of
Cluster 2 and Cluster 3 were comparable. However, the descending motion and wind
shear in the upper atmosphere were more pronounced in Cluster 2 than in Cluster 3.
The turbulence intensity (Vtke) exhibited comparable characteristics for Clusters 2
and 3, demonstrating a notable increase with the elevation from 1.5 km ASL.
Nevertheless, the concentrations of secondary air pollutants (BrCsec, O3) below 2.0 km
ASL in Cluster 3 were substantially lower than those in Cluster 2. Moreover, Cluster
1 predominantly emerges during the nighttime, whereas Cluster 2 mainly occurs
during the daytime (Fig. 7a). Additionally, the occurrence frequency of Cluster 2

experiences a 23% increase from 3 to 15 hours following the occurrence of Cluster 1



(Fig. 7b). Consequently, it is deduced that the high concentrations of BrCse at
altitudes between 1.7 km and 2.1 km above sea level (ASL) during the nighttime were
transported downward to the lower atmosphere during the daytime as the elevated

turbulence induced by wind shear developed.
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Fig. 6 (a) Three clusters of representative mean BrCs. profiles, and (b—e) the
corresponding average vertical profiles of other air pollutants (BC, SO2, O3, and PM1),
and (f—j) the average vertical profiles of temperature (T), vertical wind velocity (w),

vector shear (Svec), wind - directional shear (Sair), and turbulence intensity (Vrke)

during the field campaign.
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Fig. 7 (a) Diurnal variations in the occurrence frequency of the three clusters of
vertical profiles and (b—d) occurrence frequency of the other two clusters from 3 to 21
hours at three - hour intervals subsequent to the occurrence of the specific cluster (for

instance, subplot (b) depicts the frequency of Clusters 2 and 3 from 3 to 21 hours

following the occurrence of Cluster 1).

Major Issues
1. Figures (in general): The authors talk about daytime vs nighttime and impact of
altitude on concentrations. However, all of the figures are very hard to interpret since

there is no clear separation between day vs night and altitudes. Fig. S3 has some



altitude information but it is nigh on impossible to understand. I strongly recommend
the authors organize their figures such that differences due to day, night, and altitude
are very clear. Along with any other key parts the authors wish to highlight.

Response: Thank you for your good suggestions, which is very useful for improving
the readability of the manuscript. As you mentioned, the previous figures are very
hard to interpret due to no clear separation between day vs night and altitudes. In the
revised manuscript and the supplemental information, the relevant figures (Figs. 3, 4,
5, and S3) were reorganized and clearly separated such that differences due to day,
night, and altitude are very clear. In those figures, daytime (08:00, 11:00, 14:00, and
17:00, local time) and nighttime (02:00, 05:00, 20:00, and 23:00) conditions are
indicated by transparent yellow and gray boxes, respectively. The size of the dot
corresponds to altitude, with the altitude ranging from 0.65 to 2.70 km as the dot size

Increases.

2. Line 146-149: “The performances of the...within PBL.” — this sentence is rather
unclear. What sensors were validated? What were the reference instruments? A little
bit more information here would be very helpful, yes there is a reference but checking
a reference to understand the meaning of a sentence creates very poor readability.
Response: I sincerely appreciate your reminder. As you have pointed out, the
sentence spanning Lines 146 to 149 exhibits a notable lack of clarity, encompassing
the issues of the validated sensors and the reference instruments employed that remain
unspecified. Consequently, the sentence has been revised to the blue - colored text in

the revised version of our manuscript, as presented below.

The performance of the package (gaseous and particulate matter sensors) was
validated through comparison with on - ground reference equipment (Model 49C,
Model 42i, Model 450i, Model 48i - TLE, Model 50301, Thermal Fisher, USA) with
coefficients of determination (R?) ranging from 0.81 to 0.93 (Pang et al., 2021). It was
corroborated that the sensor package is a reliable device for aerial measurements of

gaseous and particulate matter pollutants within the PBL.



3. Figure 1: - This figure is not very helpful to understand the experimental setup. A
table describing the instrumentation might be more helpful. Further it is unclear from
Fig. 1 if there are multiple aerosol samplers at different elevations along the Tibetan
Plateau. I would recommend a 2-D map showing location of all sites and then a table
describing the equipment at each site. Further since the authors are talking about
gradients some information on the measurement heights is crucial.

Response: We express our gratitude for your valuable suggestions. The revised
Figure 1 depicts the experimental configuration for two - dimensional pollution and
meteorology within the PBL at the rural site of Sanbacun, located at the eastern
foothills of the TP. The equipment utilized is presented and elaborated upon in Table
1. During the 1% BLMP - SCB, multiple aerosol samplers were deployed at different
elevations along the Tibetan Plateau to collect PM; samples for the purpose of
obtaining the chemical components in PM. Nevertheless, the relevant data was not
analyzed in this study, and consequently, the relevant information was not included in
Figure 1 and Table 1. The revised Figure 1 and added Table 1 have been provided in

the response to the previous question.

4. Line 194-195: “...Hybrid Single-Particle Lagrangian Integrated Trajectory...” —
what is this model? Did you make it or did it already exist? If it exists a reference
would be needed. If you created it then more detail is necessary.

Response: Thank you for your reminder. In the revised version of our manuscript,
more detailed information regarding the HYSPLIT model has been incorporated. The

relevant content is presented in blue text as follows.
The Hybrid Single - Particle Lagrangian Integrated Trajectory (HYSPLIT) model,
developed by the NOAA Air Resource Laboratory (Draxler and Hess, 1998), has been

widely employed for the investigation of atmospheric transport and dispersion.

5. Line 203: “...combining BC and UVPM...” — I’'m still not entirely sure what



UVPM is as it was poorly described in the preceding sections.

Response: Thank you for catching that. Actually, UVPM is brown carbon (BrC), and
thus it was replaced with BrC throughout the manuscript. Brown carbon was from
primary sources and secondary formation, which was marked as BrCpi and BrCsec,
respectively. The BrC, BrCpri, and BrCs.c were defined when they first appears in the

revised manuscript.

6. Section 2.3 — A more thorough description here would be very helpful, perhaps
with a figure. You say you used cluster analysis to divide the UVPM profiles in to
three groups— this would be a great section in which to introduce those three groups
with a table so that the reader knows what to expect in the latter sections.

Response: We sincerely appreciate your constructive suggestions, which are highly
valuable for enhancing the manuscript. In the revised manuscript, the section titled
“2.3 K - means cluster analysis” will be described in greater detail, as presented in the

blue text below.

The determination of the number of clusters is crucial for attaining novel and accurate
understandings. Drawing upon the Elbow Method (Syakur et al., 2018) and the
characteristic profiles of air pollutants, k - means clustering analysis was employed to
partition the BrCse. profiles during the campaign into three clusters, with each cluster
featuring a comparable vertical structure of BrCsec. The characteristics of each cluster
of the BrC profile are presented in Table 2. The k - means clustering algorithm

provided by MATLAB® was employed.

Table 2 Characteristics of the three clusters of BrCsc. profiles.

Cluster  Descriptions Frequency
1 Relatively uniform vertical distributions 17.28%
2 Higher values at an altitude of 1.4 km above sea level 16.05%

(ASL)




3 More rapid decreases with the increase in altitude 66.67%

7. Section 2.4: - This section seems like it needs to be higher up — see my note about
organizing this entire section under “General Comments”

Response: Thank you for your suggestions. In the revised manuscript, Section 2.4
from the previous manuscript will be relocated upward to “2.1.2 Data collection and
quality control”. Moreover, the relevant contents will be substantially enhanced as

presented in the following blue text.

The micorAeth MA200 (AethLabs, USA) was employed to quantify the mass
concentrations of carbonaceous constituents of aerosol particles across five
wavebands (375 nm, 470 nm, 528 nm, 625 nm, and 880 nm). The carbonaceous
particles measured at 880 nm by the instrument were typically construed as BC,
whereas those in the 375 nm ultraviolet band were regarded as BrC, which is either
emitted from primary sources (BrCpi) or produced through secondary reactions
(BrCsec). The MA200 aspirates an air sample at a flow rate of 100 ml min~! through a
3 - mm - diameter portion of the filter media. The light attenuation (ATN) in response
to absorbance of particles collected on the ‘Sensing’ spot is measured relative to an
adjacent ‘Reference’ portion of the filter where no particles are accumulated (AATN).
A temporal resolution of 5 seconds (At) was established to align with other
observations conducted during the campaign. Carbonaceous particles exhibit a
proportional relationship with the rate of change of the ATN (AATN/At). A challenge
posed by high time resolution measurements is that, even when high deposition rates
of absorbing materials are employed, within short timebases, AATN can be small

enough to be notably affected by measurement noise.

The micorAeth MA200 might yield negative values under conditions of lower mass

concentrations and higher temporal resolution, which can account for up to 30% of



the uncertainty associated with the filter - based optical attenuation technique (Hagler
et al.,, 2011). Consequently, the raw data acquired for vertical profiles must be
rectified prior to analyzing their characteristics, particularly for in - situ observations
at high altitudes. The mere removal of negative values is an inappropriate approach,
as it would neglect the corresponding positive fluctuations caused by noise and lead to
an upward bias in the final data. Averaging data over an extended time frame typically
mitigates the noise within the signal; however, this may conflict with the requirement
for high temporal - resolution data. Post - processing strategies such as moving
averages or advanced mathematical techniques can be utilized to isolate the noise and
reconstruct the time series (Kostelich and Schreiber, 1993). Nevertheless, these
methods fail to leverage the ATN values associated with the internal load rate of the
filter and the knowledge regarding the successive difference characteristic of the
MAZ200. The optical noise - reduction averaging (ONA) algorithm, devised by Hagler
et al. (2011), aims to perform adaptive time - averaging of carbonaceous components

so as to mitigate the noise in BC data.

The ONA algorithm conducts smoothing processing on the time series of
carbonaceous particles via a user - specified minimum attenuation change (AATNmin).
For a given concentration of carbonaceous aerosols, this process leads to an adjusted
timebase (At’). When the concentration reaches a sufficiently high level or the
intrinsic timebase is long, AATN will exceed AATNmin, and the intrinsic time
resolution will be maintained. Nevertheless, in the case of relatively low
concentrations or short timebases, AATN will be lower than AATNmin, and the time
series will be smoothed over the time intervals At’ > At required to attain AATNpin. A
second constraint is that the ATN value at the conclusion of the interval At” must be
the final instance of that value within the remaining part of the time - series for that
specific sample spot. Consequently, At;’ is extended to the ultimate occurrence of that
ATN value. The frequency of negative values is reduced by applying the constraint.
This is because when the ATN value returns to the same level later in the time - series,

it implies that AATN <0 at that specific time step, which leads to a negative



concentration. A consequence of the second constraint is that a certain level of
smoothing exists even when AATNmin equals zero. In principle, the average
concentration of carbonaceous particles during the time interval At;’ can be calculated
using AATNi/Ati’. Nevertheless, the duration of light transmission measurement at a
high temporal resolution is relatively brief, rendering it prone to noise interference.
The mean concentration of carbonaceous particles during the time interval At;’ is
calculated by averaging the set of concentrations reported at the intrinsic timebase
within that interval. The incidence of negative concentrations should be less than 30%
of the datasets to guarantee data quality. This is a straightforward method for
addressing the noise in real - time data from the micorAeth MA200. It achieves this
by dynamically adjusting the competing factors of averaging time and noise, thereby
preserving the highest possible temporal resolution within the datasets. The algorithm
leads to substantial reductions in noise and considerably more rational temporal
variations in the mass concentrations of carbonaceous particles (Cheng and Lin, 2013;
Park et al., 2010). The program was employed to conduct post - processing on the

negative values obtained from our real - time profile measurements.

The estimation of secondary brown carbon (BrCse) holds significant importance in
ascertaining the proportion of BrCsec within BrC. Initially, the minimum ratio of BrC
to BC, denoted as (BrC/BC)min, was employed as a surrogate for the ratio of BrCp to
BrC (BrC,:i/BrC) to estimate the mass concentrations of BrCse. (Castro et al., 1999).
Nevertheless, numerous studies have indicated that the (BrC/BC)min demonstrates a
certain level of randomness in actual observations, which results in substantial errors,
particularly for the low BC concentrations in high - altitude regions. To tackle this
issue, Lim and Turpin (2002) put forward the approach of arranging the BrC/BC
ratios in ascending order and substituting the BrC,/BC ratio with the mean value of
the top 10%—-20% of the data. However, there is a dearth of a universally applicable
criterion for determining the appropriate percentile range. In light of the disparate
sources of BrCs.c and BC, Millet et al. (2005) put forward a method for estimating

BrCsec concentrations by utilizing the minimum correlation coefficient between BrC



and BC. This methodology aims to determine the BrC,i/BC ratio (designated as
(BrC/BC)pri) at which the correlation between BrCs.c and BC reaches its minimum,
and this ratio is employed as the BrCpi/BC ratio. Adopting this approach, Wu and Yu
(2016) devised a toolkit within Igor Pro for calculating the mass concentration of
BrCsec. This development notably improved the precision of BrCs estimation, as

presented in Egs. (1) and (2).
=C /7 ) x (1)
= - : ()

In Eq. (1), (BrC/BC),ri denotes the ratio of the concentrations of BrCp:i to BC during
the campaign. Based on the measurements of BrC and BC, BrCp:i and BrCsec can be

estimated by means of Egs. (1) and (2).

8. Line 237: - UVPM Ratio is undefined
Response: We express our gratitude for your identification of this issue. The original
expression was inaccurate and has been rectified to “the ratio of BrCpi to BrC

(BrCpi/BrC)” in the revised version of our manuscript.

9. Line 236: “...the fraction of UVPMsec in UVPM.” — UVPM is very poorly
defined, I thought all UVPM was ‘secondary’? More care needs to be taken to
describe these particle types in the introduction and data collection sections.

Response: We express our gratitude for your inquiries and suggestions. In fact, based
on the optical properties of aerosol particles, UVPM is identified as brown carbon
(BrC). Brown carbon is produced via the inefficient combustion of hydrocarbons and
the photo - oxidation of biogenic particles (Andreae and Gelencser, 2006), which are
respectively referred to as primary sources (BrCyii) and secondary formation (BrCsec).
In the revised version of our manuscript, the BrC particles are more comprehensively

described in the introduction and data collection sections.



10. Equation 1 & 2: It is now very unclear to me now what aerosol types you are
measuring and which types you are estimating through relationships. Further now
there is a UVPMpri designation which is not defined (first shows up on Line 237).

Response: Thank you for catching that. The micorAeth MA200 (AethLabs, USA)
was employed to quantify the mass concentrations of carbonaceous constituents of
aerosol particles across five wavebands (375 nm, 470 nm, 528 nm, 625 nm, and 880
nm). The carbonaceous particles measured at 880 nm by the instrument were typically
construed as BC, whereas those in the 375 nm ultraviolet band were regarded as BrC,
which is either emitted from primary sources (BrCp:i) or produced through secondary
reactions (BrCsec). The BrCpi and BrCs. can be estimated through certain

relationships. The revised text is showed with the blue text as follows.

The estimation of secondary brown carbon (BrCisec) holds significant importance in
ascertaining the proportion of BrCsc within BrC. Initially, the minimum ratio of BrC
to BC, denoted as (BrC/BC)min, was employed as a surrogate for the ratio of BrCp to
BrC (BrCp:i/BrC) to estimate the mass concentrations of BrCsec (Castro et al., 1999).
Nevertheless, numerous studies have indicated that the (BrC/BC)min demonstrates a
certain level of randomness in actual observations, which results in substantial errors,
particularly for the low BC concentrations in high - altitude regions. To tackle this
issue, Lim and Turpin (2002) put forward the approach of arranging the BrC/BC
ratios in ascending order and substituting the BrCpi/BC ratio with the mean value of
the top 10%—-20% of the data. However, there is a dearth of a universally applicable
criterion for determining the appropriate percentile range. In light of the disparate
sources of BrCsec and BC, Millet et al. (2005) put forward a method for estimating
BrCsec concentrations by utilizing the minimum correlation coefficient between BrC
and BC. This methodology aims to determine the BrC,:i/BC ratio (designated as
(BrC/BC)yri) at which the correlation between BrCsec and BC reaches its minimum,
and this ratio is employed as the BrC,:i/BC ratio. Adopting this approach, Wu and Yu
(2016) devised a toolkit within Igor Pro for calculating the mass concentration of

BrCsec. This development notably improved the precision of BrCsec estimation, as



presented in Egs. (1) and (2).
=C /7 ) x (1)

= - : ()
In Eq. (1), (BrC/BC)ui denotes the ratio of the concentrations of BrCpyi to BC during

the campaign. Based on the measurements of BrC and BC, BrCpi and BrCsec can be

estimated by means of Egs. (1) and (2).

11. Equation 3: Is “mechanical turbulence index” a term the authors came up with?
This is the square root of the turbulent kinetic energy (TKE) which is like some root
mean square velocity. Further TKE encompasses all turbulence and not just shear
which is what the authors are trying to isolate. I strongly recommend the authors look
at the TKE budget equation and go from there.

Response: I express my sincere gratitude for your constructive suggestions, which
have notably enhanced the readability of the manuscript. In accordance with the
research findings of Lan et al. (2018) and Sun et al. (2012), the term “mechanical
turbulence index” has been modified to “turbulent velocity scale” in the revised
manuscript. As you suggested, The TKE budget equation offers a more
comprehensive and in - depth understanding of the generation, transport, and
dissipation of turbulence along a specific transect. In the context of unstable
stratification, a significant correlation exists between TKE and the effects of
mechanical shear and buoyancy (Yue et al., 2015). During the campaign, the
buoyancy effect is notably suppressed on cloudy days (Song and Zhang, 2024).
Furthermore, considering the constraints of the deployed instrumentation and the
available measurements with relatively low temporal resolution, this study only
analyzed the mechanical shear (including wind speed shear and directional shear). the

revised contents were showed with the blue text as follows.

Turbulent kinetic energy (TKE) serves as an indicator of turbulence intensity, and it

represents a crucial variable for the comprehension of the exchanges of energy, water



vapor, and greenhouse gases between the land surface and the atmosphere. The

172
turbulent velocity scale, defined as VTKEZ[(I/ 2) (u’2+v'2+w'2)] =\ TKE, has been

widely employed to characterize turbulence intensity (Lan et al., 2018; Sun et al.,
2012). Here, u, v, and w denote the zonal, meridional, and vertical wind components
respectively, while u’, v’, and w’ signify the standard deviation of each variable. The
vertical profiles of Vrke can be derived from the aforementioned equation. A positive
correlation exists between the Vrke and mechanical turbulence, such that an increase
in Vrke corresponds to an enhancement of mechanical turbulence. The combination of
the profiles of VTke and air pollutants can be employed to gain a more comprehensive
understanding of the downward transport of air pollutants at the eastern foothills of

the Tibetan Plateau.

The TKE budget equation offers a more comprehensive and in - depth understanding

of the generation, transport, and dissipation of turbulence along a specific transect

(Martilli et al., 2002, Eq. 4).
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where e represents the TKE, ¢ denotes time, g signifies the acceleration due to gravity,

T stands for temperature, 6 represents the potential temperature, w6 refers to the

turbulent heat flux, uw' indicates the turbulent momentum, p denotes the air density,

u represents the wind speed, z represents the observational height, w’ represents the
vertical wind velocity fluctuation, and p’ represents the atmospheric pressure
pulsation. The value of TKE is primarily influenced by mechanical shear and
buoyancy effects (represented by the first two terms on the right - hand side of
Equation 4). In the context of unstable stratification, a significant correlation exists
between TKE and the effects of mechanical shear and buoyancy (Yue et al., 2015).
During the campaign, the buoyancy effect is notably suppressed on cloudy days (Song
and Zhang, 2024). Furthermore, considering the constraints of the deployed

instrumentation and the available measurements with relatively low temporal



resolution, this study only analyzed the mechanical shear (including wind speed shear

and directional shear).

12. Equation 4: This notation is very unclear. Shear is a derivative so should look
something like % where u is the streamwise wind speed.

Response: Thank you for your reminder. As you pointed out, the notation in Equation
4 is highly ambiguous. Consequently, the equation has been revised, and Fig. S1 has
been incorporated into the supplementary information to enhance the clarity of the

expression. The revised contents and the added Fig. S1 are presented as follows.

According to Mahrt (2017), the wind speed shear was defined as
Sh=6V = [Visoriy m|~1Viml, (6))
where ) denotes the disparities in wind speed (V) between adjacent measurement

levels with an interval of 50 meters (Fig. S1), and i represents the height at the

specific level.

e V (im)
Vector
& Shear
S
6‘,50@@0,

A NV (i+50m)

Fig. S1 The wind direction terminology encompasses the vector shear (represented by
the green symbol), the negative of the vector shear (depicted by the rhombus head),
and the speed shear (indicated by the black symbol). The symbols V' (i + 50 m) and V'

(i m) denote the wind vectors at the altitudes of (i + 50) m and i m, respectively.



13. Equation 5: I do not understand what this equation gives. How are you defining
your streamwise (u) and spanwise (v) velocities? Traditionally = O since the
coordinates are rotated such that the mean wind speed U= uand = = 0 where
uis the streamwise wind velocity, is the spanwise wind velocity, and  is the
vertical wind velocity.

Response: Thank you for catching that. I am very sorry due to unclear expression in
the previous manuscript. The revision was showed with the blue-colored text as

follows.

Furthermore, Svec was defined as the magnitude of the vector shear, which was

determined by the vertical disparities in the wind - speed components.

Svec =0V = V (5 )2+(5 )2 = \/(|u(50+i) m|_|uim|)2+(|v(50+z’) m|_|Vim|)2a (6)

where u and v denote the zonal and meridional wind components, respectively. The

wind - directional shear can be quantitatively characterized as the disparity between
the magnitude of the vector shear and the speed shear.
= - (7

where Sqir is denoted in m s!.

14. Figure 2: Text is very small and colors are random. In an earlier section the
authors mentioned a difference in profiles between day and night. It would make
sense to separate these figures based on day and night. Having the colors be a gradient
from start time to end time would greatly improve readability. The authors could also
consider a height time concentration plot. See example below except instead of
particle size on the y-axis you will have your elevation above ground. It is also
unclear how these profiles were taken, was the tethered balloon raised to 2.5 km
above ground level and back down at each time stamp? There are no labels on the
panels of this figure, and the caption does a poor job of describing what the reader is
looking at. I’ve also included a caption below the example figure so the authors can

understand what a caption should include



Response: We express our sincere gratitude for your constructive recommendations,
which are of great significance in enhancing the readability of all figures. We offer
our apologies for any inconvenience that may have arisen. In accordance with your
suggestions and the example figure provided, Figure 2 has been replaced with a
height-time-concentration plot featuring enlarged text and gradient colors. The diurnal
variations in the vertical profiles of vector shear (Svec) and vertical wind velocity (w)
as observed by the Doppler Wind Lidar during the campaign were showed in Fig. S2.
In the two figures, those profiles represent the averages of all days throughout the
campaign. The black and white arrows indicate the temporal movement of the peaks

of BrCsec, the BrCseo/BrC ratio, Svec, and w at a specific altitude.

The tethered balloon ascends or descends at a constant velocity of 0.5 m s7!. It is
regulated by an electric winch from the ground to reach a specific altitude. When the
wind velocity in the upper atmosphere exceeds 5.0 m s™!, the balloon is retracted to
guarantee the safety of the onboard instruments. The variables were monitored at
three - hour intervals (02:00, 05:00, 08:00, 11:00, 14:00, 17:00, 20:00, 23:00) as the
balloon ascended and descended at each timestamp during the campaign. Each
upward and downward sounding endures approximately two hours. The variation in
conditions between upward and downward sounding is not substantial. Consequently,
the profile at each timestamp represents an average of the upward and downward
sounding. The aforementioned explanations, along with the revised Figure 2 and
Figure S2, will be incorporated into the revised manuscript or supplementary

information.
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Fig. 2 Diurnal variations of the vertical profiles of (a) BrCse, (b) BrCpri, (c)

BrCseo/BrC ratio, and (d) BC during the campaign. These profiles represent the

averages of all days throughout the campaign. The black arrows in (a) and (c) indicate

the temporal movement of the peaks of profiles of BrCsec and the BrCs../BrC ratio.
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Fig. S2 Diurnal variations in the vertical profiles of (a) vector shear (Svec) and (b)

vertical wind velocity (w) as observed by the Doppler Wind Lidar during the




campaign. These profiles represent the mean values across all days of the campaign.
The white arrows denote the temporal progression of the peaks of profiles of Syec and

w.

15. Lines 298-305: “The vertical distribution of...discussed in details in the
following sections.” —Nearly everything that was written in these lines is impossible
to read from Fig. 2.

Response: Thank you for identifying that issue. In accordance with the revised Figure
2 and Figure S2, the sentences spanning Lines 298 - 305 have been revised to the text

marked in blue, as presented below.

Compared with profiles of BrCp, the profiles of BrCsc were more uniform, and the
differences among the BrCse. profiles were more significant than those among the
BrCyi profiles at the different time points. Regarding the BrCs./BrC ratio, the peak of
the profile progressively distanced itself from the ground between 11:00 and 20:00
(Fig. 2¢), which was closely associated with the contrasting variations of BrCs.. and
BrCpi. More interestingly, the peak of BrCse profiles at 1.4 km ASL progressively
approached the ground from 11:00 to 20:00 (Fig. 2a). The variation in BrCse profiles
was synchronized with those of wind shear (Svec) and vertical wind velocity (w) (Fig.
S2), suggesting a significant impact of the descending motion induced by wind shear

on the BrCsec profiles.

16. Figure S1 & Figure 3: S1 seems like it would be more useful in the paper instead
of in supplemental information. Further, the way both Figure 3 and S1 are presented
makes it hard to see any trend. S1 is easier since BC and UVPMyri basically follow
each for all time periods but then in Fig. 3 it is unclear if ever the two aerosol types
follow each other. Again it would be helpful to separate these plots by day and night
since that is what the paper talks about.

Response: Thank you for your constructive suggestions. Figure S1 was moved to the

main text and renamed as Figure 3, and the previous Figure 3 was renamed as Figure



4. Furthermore, the two figures were reorganized to separate those subplots by day vs
night and altitude. The situations during daytime (08:00, 11:00, 14:00, and 17:00,
local time) and nighttime (02:00, 05:00, 20:00, and 23:00) were delineated by
transparent yellow and gray boxes, respectively. The size of the squares signifies

altitude, with the altitude ranging from 0.65 to 2.70 km as the squares increase in size.

The concentrations of BrCsec exhibited a nonlinear variation in relation to BC across
different time of the day (Fig. 4). During the daytime, the BrCse exhibited an
increasing trend with the rise in BC concentrations. Subsequently, as the BC
concentrations continued to increase, the BrCsec less varied. The concurrent increases
in BrCsec and BC suggest that low concentrations of primary emissions are conducive
to secondary formation. In contrast, a higher quantity of primary particles inhibits
secondary formation through a series of processes, including the coagulation of newly
- formed particles by large particles and the scattering of solar radiation. During the
nocturnal period, the correlation between secondary BrCsec and BC is not statistically
significant. However, a pronounced synchronous increase in BrCsec and BC is evident
in the upper atmosphere (represented by the larger squares), suggesting that primary

emissions in the upper air facilitate secondary formation during the night.
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Fig. 4 Diurnal variations in the relationships between the profiles of BC and BrCise.



during the campaign. The relationships were fitted using binary linear regression
(represented by the black lines), and the coefficients of determination (R?) were
presented in each sub - plot. The situations during daytime (08:00, 11:00, 14:00, and
17:00, local time) and nighttime (02:00, 05:00, 20:00, and 23:00) were respectively
delineated by transparent yellow and gray boxes. The size of the hollow square
signifies altitude, with the altitude ranging from 0.65 to 2.70 km as the square
increases in size. The R? followed by double-asterisk and single-asterisk respectively

achieved statistical significance at the 0.01 and 0.05 levels.

17. Figure 4: It is unclear what I am looking at here. No labels are present. It is also
unclear how these calculations were done. I’'m sure it was a mix of the model from
earlier and whatever “CWT” is. It is not clear at all how the differences between BC
and UVPM source areas is calculated.

Response: We appreciate your questions and suggestions. The primary reason for the
unclear expression is the absence of an introduction to the CWT method. In the
revised manuscript, we have introduced this method in the section titled “2.2.1
Identification of potential source regions for BC and BrCse,” which is presented in
blue text as follows. According to your suggestions, in the revised Fig. 11, UVPM
source areas is revised as BrCs. source areas. In the figure, the black solid dot
indicates the location of the rural site (Sanbacun). The light blue dotted lines in each
sub - plot represent longitude and latitude. The disparities between the source areas of
BC and BrCs. are calculated by subtracting the gridded back - trajectory

concentrations of BrCsec from the gridded back - trajectory concentrations of BC.

Based on the trajectories, the concentration - weighted trajectory (CWT) method (Hsu
et al., 2003) was employed to identify the potential source regions of BC and BrCiec.
In the CWT method, each grid cell is assigned a weighted concentration through the
calculation of the average of the sample pollutant concentrations. These sample
pollutant concentrations are associated with trajectories that cross the grid cell, and

the process is as follows:



1
Cy=—r—
=1 %t

141 Crey 3)

where Cjj denotes the average weighted concentration within the ij™ cell, / represents
the index of the trajectory, Ci signifies the pollutant concentration measured upon the
arrival of trajectory /, M stands for the total quantity of trajectories, and zj; indicates
the time elapsed by trajectory / within the ij" cell. A high Cjj value signified that air
parcels traversing the ij® cell would be correlated with a high concentration of

pollutants at the receptor site.
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Fig. 11 Gridded back - trajectory concentrations, which illustrate the mean
concentrations of BC and BrCisec, concentrations are derived using the CWT approach
at heights of 100 m, 700 m, and 1300 m AGL during the campaign. The CWT method
was presented in the section of “2.2 Methods”. The disparities between the source
areas of BC and BrCse are calculated by subtracting the gridded back - trajectory
concentrations of BrCse from the gridded back - trajectory concentrations of BC. The
black solid dot indicates the location of the rural site (Sanbacun). The light blue

dotted lines in each sub - plot represent longitude and latitude.



18. Figure 5: UVPM and BC concentrations are flipped with respect to the previous
plot making it hard to make inter-plot comparisons. Labels are very hard to read from
a comfortable reading distance. It is not clear where the data for this plot comes from.
Response: Thanks for identifying that issue. In accordance with your suggestion, the
concentrations of BrCsec and BC have been maintained in consistency with Figure 11,
facilitating inter - plot comparisons. Moreover, the labels have been enlarged to
enhance readability. The data utilized encompasses the mass concentrations of BC
and BrCs., as well as wind data. The concentrations of BC were measured online via
a micorAeth MA200, and the concentrations of BrCs. were calculated using
Equations (1-2). The wind speed and direction data were acquired from the
measurements of a Doppler Wind Lidar at Sanbacun. The aforementioned

explanations have been incorporated into the caption.
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Fig. 10 Pollution rose plots of BC and BrCs. at heights of 100 m, 700 m, and 1300 m
AGL at the rural site (Sanbacun) during the campaign.The mean mass concentrations
of BC and BrCs. and calm frequency were also presented with green-colored text in
the corresponding sub - plot. The concentrations of BC measured online using a
micorAeth MA200, and concentrations of BrCs.c were calculated using Eq. (1-2). The

wind speed and direction data were obtained from the observations of a Doppler Wind



Lidar at Sanbacun.

19. Line 395-396: “...three groups...” — These groups are not defined at all. Because
they are not defined it is very hard to follow the remainder of this section.

Response: Thank you for your reminder. In the revised manuscript, the early section
titled “2.3 K - means cluster analysis” defined the three clusters, as presented in the

blue text and Table 2 below.

The determination of the number of clusters is crucial for attaining novel and accurate
understandings. Drawing upon the Elbow Method (Syakur et al., 2018) and the
characteristic profiles of air pollutants, k - means clustering analysis was employed to
partition the BrCse. profiles during the campaign into three clusters, with each cluster
featuring a comparable vertical structure of BrCsec. The characteristics of each cluster
of the BrCse profile are presented in Table 2. The k - means clustering algorithm

provided by MATLAB® was employed.

Table 2 Characteristics of the three clusters of BrCse. profiles.

Cluster  Descriptions Frequency

1 Relatively uniform vertical distributions 17.28%

2 Higher values at an altitude of 1.4 km above sea level 16.05%
(ASL)

3 More rapid decreases with the increase in altitude 66.67%

20. Figure 6: Because the turbulence terms are defined in a way that I do not
understand I do not know how to interpret this plot. Why are error bars all of the
sudden included here and not on previous plots? I also don’t see significant
differences in the three clusters except in UVPM:sec concentrations.

Response: Thank you for your questions and suggestions. The turbulent velocity

1/2
scale, defined as VTKEZ[(I/ 2) (u’2+v’2+w’2)] =V TKE, has been widely employed to



characterize turbulence intensity (Lan et al., 2018; Sun et al., 2012). Here, u, v, and w
denote the zonal, meridional, and vertical wind components respectively, while u’, v,
and w’ signify the standard deviation of each variable. The detailed explanations were
given in the section of “2.2.3 Utilization of turbulence parameters” in the revised
manuscript. In the revised Fig. 6, the error bars in the sub - plots were eliminated to
maintain consistency with the preceding figures. Detailed explanations regarding Fig.

5 are provided in the following blue text.

In Fig. 6, notable disparities are present in the profile structure and magnitude of
BrCsec among the three clusters. Cluster 1, which accounts for 17.28% of all profiles,
exhibits weak fluctuations in the mass concentrations of BrCse., BC, and PM; in the
vertical direction, with a weak peak of BrCs at approximately 2.0 km ASL. In
comparison with Clusters 2 and 3, the atmospheric stratification exhibits greater
instability due to the significantly larger temperature disparity between the low - level
and upper air (Fig. 6f), which results in a more robust ascending motion below 2.0 km
above sea level (ASL). In comparison with Clusters 2 and 3, the vertical wind shear
(Svee, Sair) and mechanical turbulence (Vr1ke) are relatively weaker, which might be
primarily associated with the occurrence of Cluster 1 during the nighttime. During the
nighttime, O3 concentrations remained at a low level as a result of the feeble
photochemical reactions. Consequently, the more homogeneous BrCse. profiles during
the nocturnal period are primarily regulated by thermodynamic processes

(temperature).

Cluster 2, with a frequency comparable to that of Cluster 1 (16.05%), exhibits the
mildest primary particulate matter (PM) pollution (BC, PM;). Conversely, the BrCse.
below 1.7 km above sea level (ASL) (Fig. 6a) and ozone (O3) across the entire layer
(Fig. 6d) display the most severe pollution levels among all clusters. In comparison to
Cluster 1, the concentration of BrCs below 1.7 km ASL is significantly higher,
exhibiting a distinct peak at approximately 1.4 km ASL. Conversely, above this

altitude, it rapidly declines to below 0.3 pg m™' at around 2.5 km ASL, which



represents the lowest value among the clusters. From the perspectives of
meteorological factors, the temperature is significantly lower than that of Cluster 1
and comparable to that of Cluster 3 throughout the entire layer. In contrast to Cluster 1,
the subsiding motion persists throughout the entire layer, reaching its maximum
intensity at an altitude of 2.0 - 2.5 km ASL. Moreover, wind shear (represented by
Svec and Sair) and turbulence intensity (V1ke) exhibit significantly higher magnitudes in
the upper air. This phenomenon may be intricately associated with its occurrence
during the daytime. Consequently, by integrating the vertical profiles of primary and
secondary pollutants with meteorological factors, it is deduced that the rapid decline
of BrCs.c with the increasing altitude for Cluster 2 is primarily governed by dynamic

processes (wind and turbulence).

Cluster 3, which constitutes two - thirds of the profiles, is the most prevalent during
the campaign (66.67%). The cluster exhibits a uniform distribution throughout the day,
with a range of 9% to 15%. Within the cluster, the concentrations of BrCsec below 2.0
km ASL and SO across the entire layer are the lowest among the three clusters.
Analogous to Cluster 2, there exists a weak ascending motion below 1.0 km ASL,
which gradually transitions to a subsiding motion as the altitude increases, attaining
the maximum intensity at 2.0 km ASL. Moreover, the vertical structure and magnitude
of the Vrxe are also comparable to those of Cluster 2. The dynamic processes
(downward motion and mechanical turbulence) exhibit comparability between
Clusters 2 and 3. However, the vertical profile of BrCsec is more uniform in Cluster 3,
which can be attributed to the relatively lower concentration of BrCse. in the upper
atmosphere, namely, the scarcity of material sources. Consequently, Cluster 3
characterizes the background profile of BrCs. at the observation site throughout the

campaign.
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Fig. 6 (a) Three clusters of representative mean BrCs. profiles, and (b—e) the
corresponding average vertical profiles of other air pollutants (BC, SO2, O3, and PM1),
and (f—j) the average vertical profiles of temperature (T), vertical wind velocity (w),
vector shear (Svec), wind - directional shear (Sair), and turbulence intensity (V1ke)

during the field campaign.

21. Figure 8: See point for Figure 2

Response: Thank you for your suggestion. Referring to your suggestions on Figure 2,
The previous Figure 8 was changed to a time-height-concentration plot. The black
arrows in the corresponding subplots indicate the temporal movement of the peaks of

BrCisec, Sh, and Svec at a specific altitude.
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Fig. 8 Diurnal variations in vertical profiles of air pollutants (BrCsec, BC, BrCsec/BrC
ratio, and PM) and meteorological factors (temperature, w, Sh, Svec, and Sair) on 7
January 2019. The black arrows indicate the temporal movement of the peaks of

profiles of BrCsec, Sh, and Syec.

22. Conclusion: This section is way too vague. “novel findings” may be appropriate
for a conference abstract but not so much for an article. The conclusion does a poor
job in tying together the entire paper.

Response: I express my sincere gratitude for your valuable suggestions. In the revised
manuscript, the conclusion section, which ties together the entire paper, has
undergone substantial revision. The revised content is presented in blue text as

follows.

The vertical distributions of concentrations and optical properties of carbonaceous
aerosol particles, along with the impacts of vertical mixing, remain inadequately

comprehended. This is primarily attributable to the dearth of in - situ observations of



meteorological and pollution conditions within the planetary boundary layer (PBL).
The limited in - situ observations are predominantly concentrated on flat terrains,
whereas they are scarce in complex terrains where intricate interactions among multi -
scale circulations (such as gravity waves, mountain - plain winds, and mountain -
valley breezes) occur. Consequently, the First Campaign on Boundary - Layer
Meteorology and Pollution at Sichuan Basin (1% BLMP - SCB) was held from
December 2018 to January 2019 to comprehensively comprehend the interactions
between meteorology and pollution in the complex terrain. The vertical profiles of
temperature, RH, and air pollutants, including CO, NO, NO2, O3, TVOCs, BC, and
BrC, were monitored at three - hour intervals using instruments mounted on a tethered
balloon. A Doppler Wind Lidar (Windcube 200s, Leosphere, France) was employed to
acquire the profiles of winds, encompassing wind speed, wind direction, and vertical
wind velocity. Drawing on the data from the 1% BLMP - SCB, this research examined
the influence of mechanical turbulence and wind shear on the vertical profiles of air

pollutants.

To more comprehensively elucidate the formation mechanism of primary and
secondary carbonaceous aerosols, brown carbon (BrC) was further partitioned into
primary sources (BrCpri) and secondary formation (BrCsec) by utilizing the minimum
correlation coefficient between BrC and BC. The profiles of BrCp:i and BrCsec can be
acquired through this method. The concentrations of carbonaceous aerosols
originating from primary sources (BC, BrCp:i) exhibit a rapid decline with the increase
in altitude. In contrast, those resulting from secondary formation (BrCse) decrease at a
slower rate and even reach high values at an altitude of 1.7-2.1 km ASL. Within the
diurnal cycle, the BrCs reaches a peak at an altitude of 1.4 km ASL at 11:00.
Subsequently, it gradually descends towards the ground by 20:00, in conjunction with
the development of the PBL turbulence. This phenomenon is primarily expounded
upon from the perspectives of the downward intrusion of BrCsc in the upper

atmosphere attributable to intense elevated turbulence.



To more comprehensively disclose the disparities between the vertical profiles of
primary and secondary carbonaceous aerosols, the k - means clustering algorithm was
utilized to classify the BrCsec profiles into three clusters, specifically: 1) relatively
uniform vertical distributions; 2) high values at an altitude of 1.4 km ASL; and 3)
more rapid decline with the increase in altitudes. Integrating the clustering analysis
results with case studies, it is discovered that thermodynamic processes (temperature)
serve as the dominant factors for the nighttime uniform profiles of BrCie.
Nevertheless, during the daytime, BrCs in the upper atmosphere can intrude
downward into the PBL through strong dynamic processes (mechanical turbulence
induced by wind shear), leading to high concentrations of BrCsec at 1.4 km ASL. The
influences of long - range and regional transport were also investigated through
backward trajectories and pollution rose plots. There is a minor disparity between BC
and BrCse, and therefore, the discrepancy in the vertical structure between BC and
BrCsec cannot be ascribed to long - range and regional transport. This research holds
considerable significance for comprehensively comprehending the formation
mechanism of the distinctive profile of secondary air pollutants and broadening the
understanding of the interactions between meteorology and pollution in complex

terrains.

Some interesting findings were acquired; however, this study is subject to certain
limitations. The field campaign of the 1% BLMP - SCB was carried out solely at a
rural location in the eastern foothills of the Tibetan Plateau (TP), and the observation
duration was insufficiently long to yield more reliable conclusions. Consequently, the
Second Boundary - Layer Meteorology and Pollution at SiChuan Basin (2" BLMP -
SCB) will be carried out at a rural location in Yaan City, which is situated more to the
south than the site of the previous campaign. By integrating the data from the two
campaigns, we aim to derive more general laws regarding the interactions between
meteorology and pollution within the PBL in complex terrains, particularly in the
sloped terrain transitioning from the SCB to the TP. The general conclusions hold

significant importance in comprehending the formation mechanism of severe air



pollution in these complex topographical environments.

Minor Issues

1. Abstract: - I’ve rewritten the abstract to give the authors some guidelines on what
kind of grammar mistakes need correcting. Please note that I have simply rewritten
the abstract as it stands and the authors should not just use my example directly. I do
not think this is a good abstract for an article, this seems more like a vague abstract
you would see for a conference presentation. I strongly recommend the authors
incorporate their actual results into the abstract in a more direct way.

Response: Thank you for your example abstract, which is very useful for improving
the abstract. Some actual results were more directly incorporated into the abstract in

the revised manuscript. The revised abstract was given with the blue text as follows.

The comprehension of the influence of the planetary boundary layer (PBL) processes
on the vertical profiles of air pollutants in complex terrains remains highly restricted.
In this study, data from the First Planetary Boundary- Layer Meteorology and
Pollution campaign in the western Sichuan Basin (1 BLMP - SCB), carried out from
December 2018 to January 2019, are utilized. The focus of the campaign is to provide
data on the impact of the elevated turbulence on the profiles of particulate matter (PM)
pollutants. This study focuses on two types of PM: black carbon (BC), as well as
brown carbon from primary sources (BrCpi) and that formed through secondary
processes (BrCsec). The concentrations of BC and BrC,:i demonstrate a rapid decline
as altitude increases, whereas the vertical profile of BrCsec concentration is variable.
The results of k - means clustering reveal three distinct types of vertical profiles of
BrCsec: (1) relatively uniform vertical distributions (accounting for 17.28% of all
profiles), (2) higher values at an altitude of 1.4 km above sea level (ASL) (16.05% of
all profiles), and (3) more rapid decreases with the increase in altitude (66.67% of all
profiles). Further analysis demonstrated that the nocturnal concentration profiles of
BrCisec exhibit greater uniformity, featuring a minor peak at altitudes exceeding 1.7 km

ASL. These profiles are more significantly influenced by thermodynamic processes.



During the daytime, BrCse. is mixed downward into the PBL through dynamic
processes, namely, the elevated mechanical turbulence induced by wind shear.
Throughout the campaign, both BC and BrCse. exhibit comparable regional and
long-range transport characteristics. This study emphasizes the significance of the
elevated turbulence in shaping the vertical profiles of PM pollutants in complex
terrains. Specifically, the results are helpful for understanding formation mechanism

of heavy air pollution within these complex topographic environments.

2. Line 32: “...filed campaign...” — should be “field.” There are also several other
places where “field” is misspelled and general spelling and grammar issues.

Response: Thank you for pointing out those errors. In the revised manuscript, the
misspelling of “filed”, as well as general spelling and grammar issues, were rectified

comprehensively.

3. Line 61: “Aerosol-planetary boundary layer (PBL)...” — While I understand what
the authors are saying here it can be a bit confusing. For clarity, I recommend the
authors write something along the lines of: “The interactions between aerosols and the
planetary boundary layer (PBL)...

Response: I express my gratitude for your reminder. The introduction section has
been revised in accordance with your previous suggestions. The revised introduction
places emphasis on the vertical profiles of carbonaceous aerosols and the
corresponding formation mechanisms, especially the function of vertical mixing in

complex terrain.

4. Line 68: “BC can also...” — typically starting a sentence with an acronym is to be
avoided for readability purposes. This comment applies to many places in the article.

Response: I express my gratitude for your reminder. In the revised edition of our
manuscript, sentences starting with an acronym were to be avoided to enhance

readability.



5. Line 79: “...within PBL are...” — “...within the PBL are...” — this comment

applies to all cases where PBL is used, “the” is necessary for readability purposes.

Also applies to other cases like “Tibetan Plateau”

Response: Thank you for your reminder. We double-checked the manuscript and “the”
will be added for the cases like “Tibetan Plateau” or “PBL” in the revised version of

our manuscript.

6. Line 166-174: “A portable GPS...given by the manufacturer” — Very hard to
follow section of text. It just all over the place.

Response: [ sincerely appreciate your identification of that issue. I deeply apologize
for the resulting confusion. The sentences spanning from Lines 166 to 174 have been
revised to enhance comprehensibility, and similar instances throughout the manuscript

have also been rectified.

An iMet-1 AB radiosonde, carried by the tethered balloon, was utilized to
conduct the monitoring of the vertical profiles of temperature and RH. The
measurement uncertainties of temperature and RH were +0.3 °C and +5%,
respectively (Hosom et al., 1995). The radiosonde has been extensively utilized and
verified (Haman et al., 2012), and there exists a negligible disparity compared to other
radiosondes, such as the Vaisala RS92 (Trapp et al., 2016). The iMet-1 AB radiosonde
and the Vaisala RS92 radiosonde were attached to the same 200-g balloon and
launched from the identical location during the daytime. The measurements obtained
from the two radiosondes exhibited extremely minor disparities in temperature.
Specifically, the median difference remained below 0.5 K across all altitudes below
200 hPa. The RH measured by the iMet radiosonde exhibited a marginal decrease
within the boundary layer (median values approximately -2%) and a slight increase
within the 500 - 300 hPa layer (median values approximately +2%). Nevertheless,
overall, the disparities were negligible throughout the troposphere (Trapp et al., 2016).

The vertical resolution of temperature and RH for each profile ranged from 1 to 3 m.



7. Line 184: “0.2 and 0.05 Hz” — earlier in the paragraph temporal resolutions were
given in seconds and not hertz. For improved readability it would be good to stick to
one or the other.

Response: Thank you for your reminder. The temporal resolutions were unified to

seconds throughout the manuscript for the improvement of readability.
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