Response to Comments from Reviewer #2

We thank you for the constructive comments and suggestions, which are very positive
to improve scientific contents of the manuscript. We have revised the manuscript
appropriately and addressed your comments point-by-point for consideration as below.
The remarks from yours are shown in black, our responses (in blue) and the
corresponding edits in the manuscript (in red) are shown below. All the page and line
numbers mentioned following are refer to the revised manuscript without change
tracked.

Reviewer #2: Li et al. combine MAX-DOAS observations with an objective sea—land
breeze identification algorithm to characterize pollutants, e.g. NO,, HCHO, CHOCHO,
spatiotemporal distributions and photochemical indicators for an island environment
under distinct airflow regimes, including sea breezes and typhoons. The results prove
the critical role of local meteorology in modulating pollution levels, vertical profiles,
and further photochemical indicators (FNR and GNR), which are influencing the ozone
formation sensitivity across different altitudes. These findings provide valuable insights
into the interplay between meteorological dynamics and atmospheric chemistry in
tropical coastal environments. Overall, the manuscript is logically organized, clearly
illustrated, and well-written. I recommend its acceptance after minor revisions
addressing the following points.

R: We would like to express our sincere gratitude for your careful review and for the
insightful and constructive comments provided. We also greatly appreciate your
positive and encouraging remarks regarding the overall quality and presentation of our
work. Your feedbacks are crucial in helping us improve the clarity and coherence of the
manuscript. We have carefully addressed all the suggestions and made corresponding
revisions, which we believe have further strengthened the paper.

Specific comments:
1. P1, L15: Hainan—Hainan, China

R: Thank you for your comment. We have revised the text to read "Hainan, China" as
suggested and please refer to Line 15.

2. P1, L22: “existing OFS classifications” is unclear. Does it mean the classification
methodology or the thresholds?

R: Thank you for your comment. We recognize that the original wording could be
ambiguous, and we have revised the text to clarify that "existing OFS classifications"
refers specifically to the classification thresholds. Please refer to Line 22-24.

"Elevated FNR and GNR thresholds suggest that existing OFS classification thresholds
are inadequate for low-NO: tropical coastal rural areas, underscoring the need for



region-specific assessments."

3. P1, Abstract: it could briefly clarify the observational period or duration (e.g., season
or year), which would help readers contextualize the results temporally.

R: Thank you for your comment. We have added the observational period in the
Abstract to better contextualize the study temporally. Please refer to Line 13-16.

"Utilizing Multi-Axis Differential Optical Absorption Spectroscopy (MAX-DOAS)
and a sea-land breeze objective identification algorithm, we reveal distinct
spatiotemporal patterns in NO,, HCHO, CHOCHO, and associated photochemistry
under varying airflow patterns in a rural coastal area of Hainan, China during the
summer of 2024."

4. P2, LL37-38: As described, the MAX-DOAS method has been successfully applied
for atmospheric compositions monitoring. How about the performances especially for
NO2, HCHO and CHOCHO?

R: Thank you for your comment. We have added a short discussion on the performances
of MAX-DOAS retrievals for NO,, HCHO, and CHOCHO in the revised manuscript.
Specifically, as a mature optical remote sensing technique, MAX-DOAS has been
widely applied for monitoring tropospheric trace gases. This method provides high
sensitivity and accuracy in detecting atmospheric constituents and enables the retrieval
of vertical distribution profiles, making it a powerful tool in studies of air pollution
mechanisms, model and satellite validation, and source characterization (B. Ren et al.,
2021; H. Ren et al., 2021; Tan et al., 2018).

For NO> and HCHO, the MAX-DOAS technique has established well-validated
retrieval frameworks. Numerous studies have demonstrated that MAX-DOAS—derived
vertical column densities and surface concentrations show good agreements with those
from satellite observations and in situ measurements (Chan et al., 2020; Jiang et al.,
2025; Kumar et al., 2020; Martin et al., 2004; Schreier et al., 2020; Wagner et al., 2011).
Furthermore, MAX-DOAS has proven capable of providing stable long-term
observations of NO> and HCHO even under complex atmospheric conditions such as
mountainous regions, open oceans, and typhoon environments (Schreier et al., 2016;
Zhang et al., 2022).

For CHOCHO, whose concentrations in the atmosphere are relatively low and difficult
to monitor by conventional methods, MAX-DOAS remains one of the few ground-
based techniques capable of reliable detection. Despite challenges from noise and
spectral interferences, successful retrievals of CHOCHO have been reported in both
urban and forest environments, yielding valuable insights into its photochemical
behavior and its ratio to HCHO (Hong et al., 2024; Hoque et al., 2018; Liu et al., 2021;
Schreier et al., 2020; Zhang et al., 2025). In addition, CHOCHO measurements from
MAX-DOAS have been effectively used to validate satellite products such as
TROPOMI and OMI (Lerot et al., 2021).



In summary, MAX-DOAS demonstrates robust and reliable performance in monitoring
NO2, HCHO, and CHOCHO, providing strong methodological support for the data
quality in this study. Please refer to Line 40-48.

"Previous studies reported that well-established retrieval frameworks for NO, and
HCHO have shown good agreement with satellite and in situ measurements,
demonstrating its robustness for long-term and multi-environment observations (Chan
et al., 2020; Jiang et al., 2025; Kumar et al., 2020; Martin et al., 2004; Schreier et al.,
2020; Schreier et al., 2016; Wagner et al., 2011; Zhang et al., 2022). CHOCHO is
challenging to detect due to its weak absorption and spectral interferences, yet MAX-
DOAS remains one of the few ground-based techniques capable of reliable retrievals.
Successful measurements in both urban and biogenic regions have advanced
understanding of CHOCHO photochemistry, which also were validate satellite products
(Hong et al., 2024; Hoque et al., 2018; Lerot et al., 2021; Liu et al., 2021; Schreier et
al., 2020; Zhang et al., 2025). Overall, MAX-DOAS demonstrates robust and reliable
performance in monitoring NO;, HCHO, and CHOCHO, providing strong
methodological support for the data quality in this study."

5. P2, L44, “elevated Rgr at higher altitudes” means even more glyoxal and less
formaldehyde, what is the relationship between this ratio variation and anthropogenic
VOCs?

R: Thank you for your comment. Indeed, the Rgr is used to identify the dominance of
BVOCs or AVOCs emission (Chan Miller et al., 2014; Chen et al., 2023; DiGangi et
al., 2012; Kaiser et al., 2015; MacDonald et al., 2012; Vrekoussis et al., 2010; Xing et
al., 2020). It reported that higher Rgr values are associated with anthropogenic sources;
for example, _ENREF 17Vrekoussis et al. (2010) report Rgr < 0.04 in isoprene-
dominated areas and substantially higher values where biomass burning, monoterpene
emissions, or anthropogenic emissions prevail. This threshold has been supported by
subsequent studies (Chen et al., 2023). Moreover, numerous studies have reported a
gradual increase in the Rgr with altitude within the 0-3 km layer (Baidar et al., 2013;
Hong et al., 2022; Zhang et al., 2025), with values in the free troposphere even
exceeding those in the boundary layer (Kaiser et al., 2015).

6. P3, L57: distribution? Or formation?

R: Thank you for your comment. Upon careful review, we found that the original term
“distribution” was used incorrectly here. The intended meaning is “formation,” and this
has been corrected in the revised manuscript. Please refer to Line 67.

7. P3, L62: Please add a full stop between “layers” and “Nevertheless”

R: Thank you for your comment. We have added a full stop between “layers” and
“Nevertheless” in the revised manuscript. Please refer to Line 72.



8. P4, L83: altitude .... above sea level

R: Thank you for your comment. We have revised the sentence to clarify the altitude
reference as "above sea level." Please refer to Line 97.

9. P4, 1.94-95: What is RMS? And why did higher error thresholds set for HCHO and
CHOCHO?

R: Thank you for your comment. RMS refers to the root-mean-square residual between
the measured and fitted differential optical absorption spectra, which reflects the quality
of spectral fitting. We have added the full form of the abbreviation for clarity and please
refer to Line 110-111.

"Quality control excluded retrievals with Root Mean Square (RMS) > 0.001 and DSCD
error to DSCD ratios exceeding 10% (30% for HCHO, 50% for CHOCHO)."

Higher DSCD error to DSCD ratios thresholds were set for HCHO and CHOCHO
because their absorption structures are relatively weaker and more susceptible to
spectral interferences compared with aerosol and NO> (Jiang et al., 2025; Schreier et al.,
2020). Therefore, a slightly relaxed threshold ensures sufficient data coverage while
maintaining acceptable retrieval accuracy.

10. P5, L110: Regarding the surface concentration of the a priori profile, is it reasonable
to set HCHO even higher than as twice as NO> and twenty as HCHO? How the surface
concentration of the a priori profile influencing the profile retrieval?

R: Thank you for your comment. The prior surface concentrations (SC) of NO,, HCHO,
and CHOCHO (2, 5, and 0.2 ppbv) were selected based on typical background
conditions in the study region. A foreseeable feature of the study region is that its rural
setting leads to relatively low NO: levels, whereas strong biogenic emissions
compensate for this and result in HCHO and CHOCHO concentrations comparable to
those reported in some urban areas. CHOCHO is generally about one-twentieth of
HCHO, with previous studies even setting it as low as one-sixtieth (Xing et al., 2020;
Zhang et al., 2025). Therefore, the SC selected by this study is scientifically sound and
supported by ample literature evidence.

To assess the impact of the prior SC, we first surveyed a wide range of published MAX-
DOAS studies and summarized the commonly used values: typical priors for NO>
include 1, 2, 5, and 10 ppbv (Hong et al., 2024; Jiang et al., 2025; Xing et al., 2022;
Xing et al., 2020; Zhang et al., 2021); for HCHO, 1, 3, and 5 ppbv are frequently
adopted and CHOCHO commonly used values are 0.05, 0.1, 0.2, and 0.5 ppbv (Hong
et al., 2024; Xing et al., 2022; Xing et al., 2020; Zhang et al., 2025). We performed
sensitivity texts across these values (Fig. R1). The results show that higher priors
increase the retrieved near-surface values, but the influence gradually stabilizes.
Vertical profiles of HCHO and CHOCHO become increasingly similar as they approach



realistic ambient concentrations. CHOCHO, however, exhibits substantially larger
variability: its ambient concentrations are low and its absorption features are weak, so
measurement noise—especially at higher altitudes—has a non-negligible impact on the
retrieved profiles. NO2, owing to its stronger absorption features and higher sensitivity
near the surface, provides tighter observational constraints. As a result, increases in the
SC lead to only modest changes aloft.
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Figure R1. Example of profile retrievals for (a) NOz, (b) HCHO, and (c) CHOCHO on 15 June
2024. The a priori surface concentrations (SC) were set to 2, 5, and 0.2 ppbv as the baseline values,
and additional sensitivity tests were conducted using alternative priors within the ranges
commonly reported in literature: NO; (1, 2, 5, 10 ppbv), HCHO (1, 3, 5 ppbv), and CHOCHO
(0.05, 0.1, 0.2, 0.5 ppbv). The corresponding retrieved surface concentrations (averaged over 0—
100 m) are shown in the upper-right panels.

The differences in vertical profile shapes under varying prior SC mainly stem from the
structure of the optimal estimation framework. When the prior is low, the upper parts
of the HCHO and CHOCHO profiles are dominated by the prior because MAX-DOAS
sensitivity decreases rapidly with altitude. In this case, the inversion reduces the cost
function by increasing concentrations in the highly sensitive lower layers while keeping
the upper layers close to the prior. For example, with particularly low priors for HCHO
(SC=1 ppb) and CHOCHO (SC=0.05 ppb), the observational constraint aloft becomes
very weak, causing the upper layers to revert almost entirely to the prior, whereas the
lower layers are substantially elevated by the measurements. This characteristic pattern
and the underlying OEM behavior have been extensively discussed in previous studies
(FrieB et al., 2019; Vlemmix et al., 2015; Wang et al., 2013).

Overall, the setting of the prior profile fully accounts for the typical atmosphere
background and source characteristics of the study region, as well as the known
altitude-dependent sensitivity of MAX-DOAS retrievals. The selected prior values fall
well within the ranges reported in previous studies and behave consistently with the
expected optimal estimation response. Therefore, the a priori settings used in this work
are scientifically sound and reliable.

11. P5, L115: The unit for ozone should be corrected.

R: Thank you for your comment. We have corrected the unit for ozone to the appropriate
one in the revised manuscript. Please refer to Line 131.



12. Fig 1: the label for typhoon track should be added in Fig. 1a.

R: Thank you for your comment. We have added the label for the typhoon track in Fig.
la in the revised manuscript.

13. P6, Linel127-132: There are two sentences with a certain degree of repeatability.

R: Thank you for your comment. We have revised the sentences to remove redundancy.

14. P7, Line 140: Please supplement a wind rose plot for the campaign, better with a
separate daytime and nighttime one.

R: Thank you for your comment. We have plotted the wind rose for daytime and
nighttime during the observation period (Fig. R2) and included in the Supplementary
Material as Fig. S4. The description in the manuscript has also been updated and please
refer to Line 154-156.

"Notably, during summer, the island is predominantly influenced by the southwesterly
monsoon, which frequently produces daytime background winds oriented landward or
along the coast (Fig. S4)."

In supplementary materials:
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Figure R2. Wind rose plots during the observation period for daytime (a) and night (b). The gray
shaded area indicates upshore WD, and the gray dashed line represents the coastline. WD is
plotted in polar coordinates with percentage frequency indicated by concentric circles.

15. P7, Sect. 2.2 and 2.3: Regarding the identification of SBL, there are two questions:
1) how to evaluate the identification performance? Can it be validated? 2) how about
the representativeness of the meteorological data used in the identification? Would it
cause some uncertainties?

R: Thank you for your comment. Regarding the first question, the filtering method
employed in this study is a well-established approach for identifying SBDs. To evaluate
its performance, we randomly selected four days identified by the algorithm as SB
events and analyzed the diurnal variations in surface WS, WD, temperature, RH, total



precipitation (TP), and surface pressure (SP) (Fig. R3). The results clearly show that all
cases exhibited typical daytime sea breeze penetration and nighttime land breeze
development, characterized by distinct wind shifts accompanied by either temperature
drops or RH increases upon the arrival of the SB.

2024-06-10 2024-06- 10 2024-06-10
T T T T T T

(a)2.64 360 (b)stszrf T T " T ' & T T 3100 (c)a2f T T T T T 177 J1003.0
2.23 300 3069 1000.3
w182 240 e 19977 =
% T 52052 ) 3
=1.41 180 g ‘E' {9950 &
@ 28.35 o
R 1200 g & {9923 ®

O
0.59 60 2747 989.7
0.18 i st 0 26 1987.0
2024-06-27 2024-06-27
(d)3.16 e = 360 (e)31.34f A 1003.0
2.67 300 3026 410003
218 240 @ 19977 =
y T S2019f g )
Z1.69 1Bg E by 9950 £
@ 28.12 [ a
2 12 1200 § {9923 &
7]
07 60 F21.04 1989.7
0.21 R e 0 25.97 1987.0
2024-07-07 2024-07-07
(g) 3.46 | R 360 (h)st91f R {1003.0
2.91 300 sl 1000.3
2.36 240 @ 3 19977 =
a T 52054t T E 2
s 18 130g g T Eap 19950 £
28.36 - o o
2125 1207 & & Faab {9923 &
3
07 60 Fararr 7t {9897
o4rF , , , , &, & 10 2599 , @, w0y 0 OFF TN eeeee |, 19870
2024-07-17 2024-07-17 2024-07-17
{j) 3.5 T (k)30 T T T1003.0
2.93 2063 410003
= 2.39 @ 997.7 —
g 52866 =z 3
Py 1.86 g T 49950 &
27.69 o
2132 g & {9923 ®
Q
0.79 =267 1989.7
0.25 i 25741 1987.0
S PPN O S PP N N PSSP PSPPI P
SO E s Q“‘Q Q“‘QSV%"'“Q*" O Q“‘QQ‘V%“'“Q“‘QS‘"‘Q&' o \"" \6'0\*““'19'9'{}90“9
Time [HH:mm] Time [HH:mm] Time [HH:mm]

Figure R3. Time series of WS, WD, temperature, RH, Total precipitation (TP) and surface
pressure (SP)throughout the four randomly selected case days. The gray shaded areas indicate
periods of onshore flow.

Furthermore, the surface wind field confirms that the study area experienced weak
background wind conditions during these periods, providing a favorable environment
for the development of sea breeze systems (Fig. R4). Specifically, beginning around
09:00 LT, the wind field in the study area initiated a gradual shift, evolving into a stable
onshore flow by 14:00 LT. This clear progression, consistent with the established
physical mechanism of SB development, collectively validates the effectiveness of
ORA.
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Figure R4. Surface wind fields for the four randomly selected cases, depicting the evolution at
04:00 LT, 09:00 LT, 14:00 LT, and 18:00 LT. The wind vector scaling is annotated in the lower
right panel.

Although previous studies have reported sea-breeze frequencies over Hainan Island, the
absence of published event dates prevents direct comparison (Liang and Wang, 2017,
Liang et al., 2017; Tang, 2015; Zhang et al., 2014). Given the short study period, we
were able to diagnose each day using an established manual identification method
(MIM), which has been applied and validated in earlier work (Azorin-Molina et al.,
2011). Following this method, we identified 34 SBDs and compared them day by day
with the ORA results, with the outcomes summarized in a confusion matrix (Table R1).
Here, NSBDs refer to all remaining days after removing the manually identified SBDs.

Based on the cross matrix, the following standard performance metrics were calculated:
(a) Overall Accuracy (ACC), representing the proportion of days on which both
methods agree; (b) Probability of Detection (POD), representing the proportion of
SBDs identified by the MIM that were also successfully detected by the ORA; (¢) False
Alarm Ratio (FAR), representing the proportion of SBDs identified by the ORA that
were not confirmed by the MIM; and (d) F1-Score, defined as the harmonic mean of
POD and Precision (1 — FAR), which provides a comprehensive measure of model
performance. The F1-Score ranges from 0 to 1, with higher values indicating better
performance.

The calculated values were: ACC = 90.4%, POD = 82.4%, FAR = 9.7%, and an F1-
Score = 86.2%. These results indicate strong agreement between our filtering algorithm



and the manual reference. The high overall accuracy and Fl-score confirm the
algorithm's robust performance. The primary discrepancy, reflected in the slightly lower
POD, is attributable to the objective algorithm's stricter criterion for the persistence of
onshore flow, particularly on days with less pronounced wind shifts (For details, see
Channel 1 in the Text S1 and Fig. 2).

Table R1. Cross Matrix: ORA versus MIM.

Category MIM: SBDs MIM: NSBDs
ORA:SBDs  True Positive days (D1p): 28 days False Positive days (Drp): 3 days
Both methods agree are SBDs Only ORA identifies as SBDs

ORA: NSBDs False Negative days (Dgn): 6 days True Negative days (D1n): 57 days

Only MIM identifies as SBDs Both methods agree are NSBDs

Regarding the second question, we conducted a comparative analysis of temperature
and relative humidity (RH) between ERAS5 Land and the nearest meteorological station
to our study site—Danzhou station (19.31°N, 109.35°E, 170 m a.s.l.) (Fig. RS).
However, it should be noted that although Danzhou station is the closest meteorological
site available, it still far away from the measurement site (~33 km). Such distance may
also contribute to the discrepancies in temperature and humidity. Overall, the
comparison shows relatively high agreement of temperature and RH between these two
data sources.
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Figure RS. Correlation between Temperature (T _ERAS and T station) and Humidity (RH _ERAS
and RH_station) from ERAS land and Danzhou Meteorological Station (19.31°N, 109.35°E)
during summer 2024. The color of each hexagonal bin represents the frequency of data points
within that grid cell. The yellow dashed line indicates the 1:1 line, and the green line shows the
regression line between the two datasets.

As shown in Fig. R6, the Danzhou station and ERAS Land exhibit broadly consistent
variations in WS and wind direction WD throughout the study period. The ERAS Land
WS is derived from the 10 m u- and v-wind components and represents grid-averaged
conditions, whereas the Danzhou station is influenced by strong local surface roughness
caused by nearby buildings and vegetation, resulting in lower observed WS. Despite
these differences in magnitude, both datasets display similar prevailing wind directions
on non-typhoon days, a shift toward southwesterly winds during typhoon periods, and



comparable diurnal patterns in WS, as shown in Fig. R6(b), (¢) and (d).
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Figure R6. Comparison of WS and WD between the Danzhou station and ERA5 Land. (a)
Hourly variations in WS for the Danzhou station and ERA5 Land over the entire observation
period; WD patterns at the (b) Danzhou station and (c) ERAS5S_Land during typhoon and non-
typhoon days; (d) Diurnal variations of mean WS and WD for the Danzhou station and
ERAS5_Land on typhoon days. The gray shaded area indicates the range of the typhoon's duration.
Wind direction is plotted in polar coordinates with percentage frequency indicated by concentric
circles.

Although ground-based observations can better capture near-surface meteorological
conditions, their strong short-term fluctuations—particularly in wind fields—introduce
substantial noise and complicate the identification of sea—land breeze circulations.
More importantly, the Danzhou station is located far from the measurement site, making
its data unrepresentative. In contrast, ERAS5S Land provides smoother and more
continuous spatiotemporal fields that coherently depict the evolution of large- and
mesoscale wind structures. As a result, ERAS Land has been widely applied in sea—
land breeze research worldwide and is generally regarded as reliable and internally
consistent for such analyses (Azorin-Molina et al., 2011; Hallgren et al., 2023; Xia et
al., 2022; Zhao et al., 2022).

In summary, despite certain uncertainties, ERAS5 Land offers physically consistent
estimates of all required variables and supplies complete, continuous, and quality-
controlled time series—advantages that ground-based observations cannot fully match.
The comparison with station measurements further confirms good agreement between
these two datasets. These features make ERAS Land particularly suitable for
investigating sea—land breeze circulations in this study.

16. P8, Line 170, daily averaged

R: Thank you for your comment. The missing word “averaged” after “daily” has been
added in the revised manuscript. Please refer to Line 198.

17. P8, Line 173-175, Even in Beijing and Shanghai, AOD should also be lower in
summer, how to get the conclusion of “typically exceeds 0.5”?



R: Thank you for your comment. Upon reviewing the latest literature, we found that the
previously cited study on Beijing covers a period considerably earlier than this study,
and its conclusions are therefore no longer directly applicable. After reviewing the
recent reported averaged summer AOD in Beijing and Yangtze River Delta area, we
have revised the manuscript accordingly to ensure that the discussion reflects the most
up-to-date observations. Please refer to Line 201-203.

"The observed summer aerosol loading (mean AEC and AOD measuring 0.11 £ 0.03
km™ and 0.29 + 0.1, respectively) exhibited markedly lower values compared to urban
agglomerations like Beijing and Shanghai (where AOD is around 0.4) (Fan et al., 2025;
Peng et al., 2025)...... "

18. P9, Line 186: how to quantitatively evaluate “a clear decoupling between surface
and column measurements for NO;, HCHO, and CHOCHO, which was more
pronounced in aerosols”?

R: Thank you for your comment. To quantitatively evaluating, we have analyzed
relationships between surface and column integrated concentrations of NO>, HCHO,
and CHOCHO, as well as between surface aerosol extinction coefticients (AEC) and
aerosol optical depth (AOD). The degree of decoupling can be inferred from the
dispersion of data points—greater deviations from the linear regression line indicate
weaker coupling between surface and column values. As shown in Fig. R7, both the R?
(0.34) and Pearson correlation coefficient (0.58) between AEC and AOD are notably
lower than those for the trace gases, confirming a more pronounced decoupling in
aerosol distributions. We have supplemented the relevant correlation results and
discussion. Please refer to Line 221-223 and Fig. S7.

"..., which was more pronounced in aerosols as indicated by the weakest correlation
(R?=0.34) between surface AEC and AOD (Fig. S6). These results suggest that the
vertical distribution pattern of pollutants may involve more complex physicochemical
processes that deserve further investigation."

07 (@) ¥ =1.65%+0.12 s 4.0 (b) ¥ =0.65"x+0.84 s
0g] R=034 Pl T as{ FR=061 P
: Pearson's R=0.58 . S Pearson's R=0.79 .
° S 30 ° %
0.5 < °
=) E 25 - °
Qo4 e
< 2 20 o
0.34 Q
9 154
0.21 S'10] ©
=z Il

0.04 008 012 016 020 0.24 05 10 15 20 25 3.0 35 40

Surface AEC [km™"] NO, surface VMR [ppb]

“-‘—-2'o (©) y=017x+0.51 - &;‘4'5 ) y=12.5%+2.4 ® 7
£ R?=0.57 o s 8., R?=0.50° ° ’
% Pearson’s Rg 0.78 %o g™ Pearséh's Ré 0-%
2 ° (=)
' 161 239/ oho 76 0o
€ < 9. o
° oo 23] 4
= a
Q1.2
g Qs

[e] @ 8

o

% ] § 3.01 os %
T 084 ~ O 3 o ©

I
oN

4 6 8 .06 0.08 0.10 0.12 0.14 0.16
HCHO surface VMR [ppb] CHOCHO surface VMR [ppb]



Figure R7. Correlations between surface and column integrated concentrations of (a) aerosol;
(b) NO2z; (¢c) HCHO; and (d) CHOCHO during the observation period. The black dashed line
represents the scaled reference line, while the blue solid line indicates the linear regression line.
The regression equation, coefficient of determination (R?), and Pearson correlation coefficient
are shown in the upper-left corner of each panel.

19. P10, Line 199-202: Similarly, could the authors provide any quantitatively evidence
between humidity and extinction to certificate the aerosol hygroscopic growth?

R: Thank you for your comment. In the Supplementary Materials, Figure R8 (as Figure
S8) shows the Pearson correlation coefficients (r) between AEC and RH at each altitude
during the same time. The results indicate that the r coefficients between aerosols and
RH at the same altitude are generally above 0.6. Particularly at an altitude of
approximately 1 km, the correlation coefficient reaches 0.86, indicating a significant
positive correlation between the two variables. Notably, negative correlations are
observed in the lower boundary layer (0.3 and 0.5 km), which likely reflect the complex
interplay between boundary-layer dynamics, local emissions, and turbulent mixing:
near-surface aerosol concentrations can be influenced by local emissions that do not
coincide with humidity peaks, while diurnal boundary-layer development and turbulent
transport can redistribute aerosols, temporarily decoupling their variability from RH.
We have supplemented the corresponding section of the manuscript with quantitative
results to strengthen the robustness of these findings. Please refer to Line 232-236.

"Notably, the aerosol vertical distribution bears a remarkable similarity to the RH. The
Pearson correlation between AEC and RH remains positive above 0.5 km, reaching a
maximum of 0.86 around 1 km, indicating a strong positive relationship at this altitude
(Fig. S8). This phenomenon reflects aerosol hygroscopic growth characteristics,
particularly the water vapor sensitivity of fine particulate matter, which enhances light
extinction at these altitudes (Liu et al., 2020)."
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Figure RS. Pearson correlation coefficients (r) between AEC and RH at each altitude during the
same time.

20. P14-16: The discussion is too informative. Better to give a brief summary to

characterize the difference of NO,., HCHO and CHOCHO between NSBDs and SBDs?



And how these differences regulated by the ACPs.

R: Thank you for your comment. We have revised the discussion to provide a more
concise summary. Now, instead of a detailed descriptive account, we highlight the key
differences in NO,, HCHO and CHOCHO between NSBDs and SBDs, and briefly
explain how these differences are influenced by the ACPs. This makes the comparison
clearer and keeps the focus on the mechanisms rather than extensive descriptive details.
Please refer to Page 17-19.

21. Fig. S11: net ozone production (AO3) — net ozone increment

R: Thank you for your comment. We have revised the term “net ozone production (AOs)”
to “net ozone increment” in the caption for Fig. S11 (now Figure S14).

22. P21, Line 390-401: Can be draw a conclusion that which indicator, i.e. GNR and
FNR, is better for diagnose the ozone formation sensitivity?

R: Thank you for your comment. We have discussed this issue in detail on Line 474-
494. In brief, our Rgr analysis indicates that sea-breeze and typhoon events transport
BVOCs, which tends to shift the ozone chemical regime toward NOx-limited or
transition conditions. The GNR results are consistent with this shift, whereas FNR
shows a weaker response in the 400—1200 m layer, particularly under sea-breeze and
typhoon conditions (Fig. 11). This suggests that GNR more reliably reflects changes in
OFS. We note that FNR can be influenced by primary HCHO sources, which may bias
sensitivity diagnostics (Liu et al., 2021), but our study lacks quantitative constraints to
separate these effects. Overall, under BVOC-enhanced conditions, GNR provides a
more robust indication of the shift toward NOx-limited or transition regimes than FNR,
though further investigation is needed for full validation. We also followed your
suggestion by removing unnecessary details and replacing them with more concise,
summary-level descriptions to make the text clearer and more focused. Please refer to
Line 481-494.

23. Fig. 10: It can be seen that the results of ozone formation sensitivity are quite
different obtained by using different indicators. So which one is more reliable? Or any
preference for using under different ACPs?

R: Thank you for your comment. This issue has been addressed in our response to
Comment #22. As discussed, GNR performs more consistently under BVOC-enhanced
or BVOC-dominated conditions, whereas FNR may be biased by primary HCHO
emissions. Further validation is still needed, as detailed in our response to Comment 22
and in the revised manuscript. Please refer to Line 474-494.

24. Also the OFS regimes shifted across different layers, can it be driven by some key
meteorological parameters in view of the ACPs?



R: Thank you for your comment. The vertical distribution of the OFS is closely linked
to the relative concentrations of NO2, HCHO, and CHOCHO, which are in turn strongly

influenced by meteorological conditions. Among these factors, wind direction plays the
dominant role.

For example, during the passage of Typhoon "Prapiroon", although the typhoon’s
overall trajectory moved from southeast to northwest across the study region, the near-
surface winds remained predominantly southwesterly, while winds above 1 km shifted
to westerly (Fig. R9 and also Fig. S12). On the one hand, the typhoon’s movement
transported BVOCs emitted from the Wuzhi Mountain toward the measurement site.
On the other hand, the local wind structure facilitated the inflow of pollutants from
upwind regions with high NO> emissions. Notably, at higher altitudes, the WD was
consistent with that of the near-surface sea breeze, favoring the presence of NO; aloft.
In addition, persistent upward motion likely enhanced this vertical pattern, leading to
VOC-limited region in the upper layers as indicated by both FNG and GNR diagnostics.
In contrast, other meteorological parameters—such as temperature, RH, and BLH—
exerted secondary influences in comparison.
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Figure RY. Wind profiles for different air current patterns. The lengths of the arrows indicate the
magnitude of the wind speeds and they are subjected to the same scaling factor on the three air
current patterns (ACPs). The gray dotted line refers to the Oy, of the SB.

We have also made a brief summary about this issue in Line 484-486.

"An interesting feature is that both metrics exhibit VOC-limitation aloft on TDs, likely
because upper-level winds align with the SB pathway and transport upstream NOy into
the region. Such behavior shows that WD may be a key factor driving OFS transitions
across different ACPs (Fig. S12)."

25. A general comment that it is too informatively described in the manuscript. I
recommend the authors can simplify and shorten some parts to some degree.

R: Thank you for your comment. In the revised manuscript, we have streamlined several
sections by removing redundant descriptions and condensing overly detailed

explanations. These revisions help to improve readability and highlight the key findings
more clearly.
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