Response to Referee #2

Comment:
The manuscript provides thorough analysis of the influence of typhoons on the occurrence of ozone
episodes in the Pearl River Delta, China.

Despite many papers (correctly referenced by the Authors) have been published concerning ozone
pollution in the area, the manuscript resumes the different aspect of ozone episodes development and
can be a guide through previous literature. The modelling section is, from my point of view, the most
important to provide a clear support to the hypothesis and correlations provided by the previous
analysis. A possible missing point is the evaluation of the overall import/export of ozone, to estimate
if the PRD region is responsible of a net export of ozone increasing the amount of pollutant over the
region.

The overall result that typhoon influenced O3 episodes have a major contribution from long range
transport (from outside the model domain) and advection from nearby China regions has relevant
policy implications that are only quickly commented in the conclusions and would merit a wider
discussion. Local O3 precursor emission control can be expected to have a limited effectiveness and
regional policies seem definitely needed, at China national level but even at South and East Asia
regional level, to be able to reduce population exposure and overall ozone production.

The manuscript is well written and needs few clarifications/integrations to reach publication quality.

Response:
Thanks for your positive comments and valuable suggestions to help us improve the manuscript. The
responses to the comments (in blue) and corresponding revisions (in red) are presented as follows.

Comment:
1. (Lines 40-42, Introduction) This is due to the O3 persistence in the atmosphere due to its relatively
long lifetime in the atmosphere. The Authors should consider mentioning it.

Response:

According to this suggestion, we added this content:

“Due to the relatively long lifetime of O3 (~22 days; Stevenson et al., 2006), it can accumulate locally,
or be transported to downwind regions.”

Comment:
2. (Line 49, Introduction) “of” just before the symbol “>” should be removed.

Response:
We deleted “of” before “>:

. seven out of the nine most severe O3 episodes (regional-mean maximum 8-h average O3
concentrations > 240 ug/m?®) ...”

Comment:
3. (Lines 104-105, Method) Why precipitation is not considered?



Response:

The main focus of this study is the comparison between typhoon-induced and no-typhoon O3
pollution. As shown in Table R1, sunny, cloudy or overcast weathers can be found on all O3 pollution
days in autumn and over 60% of O3 pollution days in summer, when the precipitation was namely 0.
Therefore, the comparison of precipitation does not help with the comparisons in this study.

Table R1 The numbers (percentages) of O3 pollution days corresponding to different weathers in
Guangzhou in four scenarios (data source: tianqihoubao (historical weather records),
http://www.tianqihoubao.com/lishi/guangzhou.html)

Oct. 20142018  Oct. 2014-2018  July 2014-2018  July 20142018

Weathers Typhoon-induced No-typhoon Typhoon-induced No-typhoon
Sunny 31 (63%) 12 (41%) 13 (29%) 2 (20%)
Cloudy 16 (33%) 17 (59%) 18 (40%) 4 (40%)

Overcast 2 (4%) / / /
Shower / / / 1 (2%)

Thunder-shower / / 12 (27%) 3 (30%)
Light/Moderate
Rain / / 1 (2%) /
Heavy Rain / / 1 (2%) /

We added this information in line 230 of the ACPD manuscript:

“The parameters from ... were used in the comparison (since all O3 pollution days in October and
over 60% of O3 pollution days in July were characterized with sunny, cloudy, or overcast weathers
with no rainfall in the PRD (Table S4, represented by the weather in Guangzhou), precipitation was
not considered in the comparisons).”

And also, Table R1 was added to the Supplement as Table S4.

Comment:
4. (Lines 122-123, Method) Does the mentioned “30%” refers to the total number of days or to the
number of polluted days?

Response:

“30%” refers to the total number of days. To be clearer, we revised the sentence into:

“Although there were more O3 pollution days in October than in July, O3 pollution under typhoon
influence occurred on ~30% days of both months.”

Comment:
5. (Lines 123-125, Method) This consideration seems convincing for July only. For October the
difference of values with/without typhoons seems rather small.

Response:

That is correct. To express it more precisely, we revised the sentence into:

“Higher O3 MDAT1 and MDAS values can be found with the appearance of typhoons in comparison
with days without typhoons in July, whereas these values are similar in October, indicating the
important role of typhoons in O3 pollution in the PRD.”



Comment:
6. (Lines 129-130, Method) This is not clear, what is the reason to discard 5 episodes?

Response:

These five O3 pollution days were affected by typhoons located to the due north or southwest of the
PRD, while the remaining days in October and July, which are the majority of the samples, were
affected by typhoons located to the east of the PRD. Since the influence of typhoon on wind field and
other meteorological parameters might be associated with the direction of typhoon to the PRD, we
discarded these five days featuring with different typhoon directions to minimize the disturbance of
typhoon locations in the comparisons. In order to explain more clearly, we revised the sentence into:
“As is shown in Fig. 1, all O3 pollution days in October and most O3 pollution days in July under
typhoon influence were associated with typhoons to the east of the PRD, which were more likely to
cause O3 pollution (Chow et al., 2018). In order to minimize the disturbance of typhoon directions in
the comparisons, we removed the remaining five O3 pollution days in July with typhoons located to
the due north or southwest of the PRD from the analyses.”

Comment:
7. (Line 157, Method) Why the endpoint of the back trajectories has been set to 500 m and not nearer
the surface?

Response:

The height of 500 m is near the middle of the planetary boundary layer (PBL) during the daytime
(Guo et al., 2016). Backward trajectories arriving at the height of 500 m can well represent the effect
of long-range transport on near-ground O3 pollution (Park et al., 2007). By contrast, backward
trajectories arriving at the surface are under the notable disturbance of the surface (including buildings,
plants and other objects). To give more details, we revised the sentence into:

“The Modiesha site (23.1°N, 113.3°E; Fig. S1b), which is located in the central part of the PRD, was
the endpoint of backward trajectories. Its height was set as 500 m above the ground to better represent
the effect of long-range transport on O3 pollution, as well as to minimize the disturbance of objects
near the surface to the transport (Park et al., 2007).”

Comment:
8. (Line 161, Method) What is the horizontal space resolution of the mentioned matrix?

Response:

The horizontal space resolution of the matrix is 0.2°%0.2°. We added this information:

“To calculate APRTs in the PRD, we designed a 21x15 point matrix (resolution: 0.2°x0.2°) that
embraces the whole PRD (Fig. S4)...”

Comment:
9. (Line 163, Method) Setting the trajectory starting points to 100 m seems reasonable for industrial
emissions, but it seems high for road transport related emissions or other surface sources.

Response:
Firstly, 100 m was selected to represent the height of all local emissions. For instance, according to



the local emission inventory used in this study, power stations (contributing to ~32% of NOx
emissions in the PRD) emit pollutants at the height of 200-500 m, industrial sources (contributing to
~12% of NOy emissions and ~45% of VOCs emissions in the PRD) emit pollutants at the height of
0-200 m, and road transport sources (contributing to ~54% of NOx emissions and ~31% of VOCs
emissions in the PRD) emit pollutant near the ground. Therefore, 100 m is close to the mean height
of all emissions in the PRD.

Secondly, the focus of this study is the influence of weather conditions (typhoons) on O3 processes.
However, local topography and objects near the surface could also lead to different characteristics of
trajectories. 100 m, instead of lower height, was also chosen to reduce the disturbance of the surface.
Based on these reasons, we revised the sentence to make it clearer:

“The height of all points was set as 100 m above the ground to represent the height of all local
emissions and to reduce the disturbance of the surface, as well.”

Comment:
10. (Line 165-167, Method) Were time durations attributed to points and then gridded? on which
target grid?

Response:

Yes. APRT was attributed to the starting point of the trajectory, and the mean APRTSs in all points were
interpolated using the Kriging method to obtain field results. We revised the sentence into:
“Afterwards, the length of time each trajectory remained within the administration borders of the
PRD, i.e., APRT, was calculated and attributed to its starting point. APRTs in each point were
averaged, and these averaged APRT values in all points were interpolated using the Kriging method
to obtain field results for the further comparisons.”

Comment:
11. (Line 168, Method) The sentence “model, the CMAQ model (version 5.0.2)” should be simplified
to avoid useless word repetition.

Response:
Accepted. We simplified the sentence into:
“We utilised the widely used 3D chemical transport model CMAQ (version 5.0.2) to investigate ...”

Comment:
12. (Line 173, Method) The meaning of the sentence “all O3 pollution days in these two months
served as representative O3 pollution days under multiple scenarios.” is not clear.

Response:

To make it clearer, we revised the sentence into:

“... all typhoon-induced and no-typhoon O3 pollution days in these two months served as
representative O3 pollution days in the comparisons.”

Comment:
13. (Line 176-178, Method) The meaning of this sentence is not clear.

Response:



To make it clearer, we revised the sentence into:

“The results of daytime (9:00-17:00 LT) O3 PA and SA on representative O3 pollution days were
averaged for the typhoon-induced and no-typhoon scenarios in autumn (October 2015) and summer
(July 2016) and used in the comparisons.”

Comment:
14. (Line 180, Method) “CMAQ model”, or “model application” would read better that “CMAQ
modelling”.

Response:
Accepted. We revised the sentence into:
“The main setups of the CMAQ model are presented as follows.”

Comment:

15. (Line 210-214, Method) Alternatively to zero emission a fractional reduction could be applied to
reduce non linearity. See e.g. https://fairmode.jrc.ec.europa.eu/activity/ctl

The Authors should comment this alternative approach and the reasons supporting their choice.

Response:

In order to make the comparisons between O3 sources in the typhoon-induced and no-typhoon
scenarios, we need to know the sources of all O3 in the region, and the results need to be unambiguous
and additive but may not be dynamic. Therefore, we chose the Brute Force Method with the allocation
of the non-linear contributions between emissions from the PRD and EC-China.

However, the dynamicity of source apportionment (SA) method is important for policy-making.
According to the report by Thunis et al. (2020) and also the review of Thunis et al. (2019), SA using
the fractional reduction method is unambiguous, dynamic, and additive, thus is suitable to evaluate
the effects of emission reductions. In future, it is still required to further evaluate the efficiency of
local and non-local emission reduction for alleviating O3 pollution in the PRD in different scenarios
based on this method.

We added this information in line 207 of the ACPD manuscript:

“In order to identify the sources of all O3 in the PRD, we used the classic Brute Force Method ...”
in lines 214 of the ACPD manuscript:

“..., biases may occur between the results of two types of BFM methods, leading to the non-additivity
of the results (Clappier et al., 2017).”

and in the Discussion and conclusion part (line 484 of the ACPD manuscript) as well:

“...under typhoon influence. For air quality management, it is suggested to comprehensively evaluate
the efficiency of fractional local and non-local emission reductions to reduce O3 levels in the PRD in
different scenarios (Thunis et al., 2019; Thunis et al., 2020).”

Comment:

16. (Lines 227-231, Comparison of meteorological conditions) It is not clear how ER A-Interim fields
have been processed. Has a gridded area been processed or timeseries have been extracted in few
points? What choice has been done and why?

Response:
In order to be consistent with the comparison using the surface meteorological monitoring dataset,


https://fairmode.jrc.ec.europa.eu/activity/ct1

we extracted meteorological parameters at 29 national meteorological sites within the PRD from the
ERA-Interim re-analysis dataset in the comparisons. We added this information in the sentence:

“The parameters from routine monitoring datasets (including air temperature, RH, wind speed, zonal
and meridional wind speeds measured at 14:00 LT of all Oz pollution days at 29 national
meteorological sites within the PRD (Fig. S1a)) and the ERA-Interim re-analysis (including all near-
surface parameters from the analysis and forecast fields introduced in Sect. 2.1, extracted at the same
time and the locations of sites as these in routine monitoring datasets) were used in the comparison...”

Comment:
17. (Lines 228-229, Comparison of meteorological conditions) The reference to first and second
categories in Sect 2.1 is not clear.

Response:

“The parameters of the first and second categories in Sect. 2.1” indicate “near-surface parameters
from the analysis fields” and “near-surface parameters from the forecast fields” introduced in Sect.
2.1. We revised the sentence to make it clear:

“The parameters from routine monitoring datasets (including air temperature, RH, wind speed, zonal
and meridional wind speeds measured at 14:00 LT of all O3 pollution days at 29 national
meteorological sites within the PRD (Fig. S1a)) and the ERA-Interim re-analysis (including all near-
surface parameters from the analysis and forecast fields introduced in Sect. 2.1, extracted at the same
time and the locations of sites as these in routine monitoring datasets) were used in the comparison...”

Comment:

18. (Lines 269-271, Comparison of meteorological conditions) This sentence is not clear. Does it
mean that during the summer the air masses advected by slow wind are expected to bring higher Os
concentration? Or with low wind speed local phenomena would prevail on advection?

Response:

As mentioned in the manuscript, “the higher wind speeds and/or O3 levels in the transported air
masses are, the more likely O3 transport plays an increasingly important role in O3z pollution.” Since
the comparisons using the Mann-Whitney U test suggest that there was no statistically significant
difference between wind speeds in the typhoon-induced and no-typhoon scenario in summer, as
shown in Table 2, the O3 level became the factor to determine if more O3 was transported to the PRD,
which was generally associated with the types of air masses influencing the PRD (higher O3 levels
for the continental and coastal air masses, and lower O3 level for the marine air mass; Zheng et al.,
2010). Therefore, in the typhoon-induced scenario in summer, the increasing influence of continental
and coastal air masses (or “more polluted air masses”) ensured that more O3 is transported to the PRD.
The discussion about the comparison of wind speed can be a distraction here, so we deleted the
relative content and revised the sentence into:

“The increasing influence of much more polluted air masses (continental and coastal air masses) led
by typhoon ensured that more O3 was transported to the PRD, thus typhoons also tended to increase
the contribution of transport to O3 pollution in the PRD in summer.”

Comment:
19. (Lines 279-280, Comparison of meteorological conditions) The reference to Sect 2.1 is not clear.



Response:

“the parameters of the third category in Sect. 2.1” indicates “upper air parameters at multiple heights”
introduced in Sect. 2.1. We revised the sentence into:

“... the ERA-Interim reanalysis dataset (including all upper air parameters at multiple heights
introduced in Sect. 2.1) ...”

Comment:
20. (Lines 280-281, Comparison of meteorological conditions) Are values in Figure 4 mean values
over the considered time period?

Response:

Yes. Figure 4 shows the distributions of mean vertical wind speed at 14:00 LT of all O3 pollution days
corresponding to the typhoon-induced and no-typhoon scenarios of two seasons. We added this
information in lines 301-302:

“The contours in Fig. 4 show the cross sections of mean vertical wind speeds at 14:00 LT of all O3
pollution days corresponding to the typhoon-induced and no-typhoon scenarios of two seasons, which
were made along the 113.2°E longitude line, from 26.0°N to 20.0°N (Fig. S4).”

Comment:
21. (Lines 282, Comparison of meteorological conditions) Downdrafts seem to be at higher levels
from the Figure. Please refer to the Figure vertical scale in hPa to be better understood by the reader.

Response:

We revised the sentence into:

“...downdrafts occurred over large areas above the PRD, especially above a height of ~700 hPa.”
We also revised the sentence in line 319 of the ACPD manuscript into:

“...which is demonstrated by higher CLWC at the heights of 500-850 hPa ...”

Comment:
22. (Lines 314, Comparison of meteorological conditions) How values in Figure 6 have been
computed from ERA-Interim fields? Are they mean values?

Response:

Yes. Figure 6 shows the distributions of mean cloud liquid water content at 14:00 LT of all Os;
pollution days corresponding to the typhoon-induced and no-typhoon scenarios of two seasons. We
added this information in the sentence:

“Figure 6 displays the cross sections of mean ERA-Interim cloud liquid water contents (CLWC) at
14:00 LT of all O3 pollution days corresponding to the typhoon-induced and no-typhoon scenarios of
two seasons, which were also made along the 113.2°E longitude line, from 26.0°N to 20.0°N (Fig.
S4). The comparison of CLWC in the cross sections suggests ...”

Comment:
23. (Lines 343-344, Comparison of meteorological conditions) The meaning of the sentence is

obscure, what does “and offset the influence of weakened O3 formation to some extent.” mean?

Response:



Weakened O3 formation led to lower local contributions to O3 pollution, while the accumulation of
locally sourced O3 led to higher local contributions to O3 pollution. We revised the sentence into:
“This favoured the accumulation of locally sourced Os, and, to some extent, offset the influence of
weakened O3 formation to maintain high contributions of local emissions to O3 pollution.”

Comment:
24. (Lines 344-346, Comparison of meteorological conditions) Please relate to the unfavourable /
favourable conditions for ozone formation shown in the previous sections.

Response:

According to this suggestion, we revised the sentence into:

“Based on the comparison of O3 production conditions in the previous section and the comparison of
O3 accumulation conditions in this section, typhoons did not provide more favourable conditions for
O3 production and accumulation simultaneously in the PRD in both autumn and summer, thus
potentially resulting in a less important role of local contributions in O3 pollution here.”

Comment:
25. (Lines 427-428, Comparisons of O3 processes and sources) I can't find this number in Figure 10.

Response:
The number is not shown in this original manuscript or supplement. We added this information as
Fig. S10 in the Supplement:
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Figure S10. The average local contributions (in percentage, %) to daytime (9:00-17:00 LT) O3z and
wind vectors (at 14:00 LT) on the representative O3 pollution days: (a) the typhoon-induced days in
October 2015 (14-16 and 21 October 2015); (b) the no-typhoon days in October 2015 (28 October
and 3—5 November 2015); (¢) the typhoon-induced days in July 2016 (7-8 and 30-31 July 2016); and
(d) the no-typhoon days in July 2016 (22-26 and 29 July 2016). Three representative sites in the PRD
are shown as black circles in the plots: XJ, Xijiao; MDS, Modiesha; DF, Duanfen.

and also mention it before the sentence:
“...(as the distribution of local contributions in percentage to daytime Oz shown in Fig. S10, the



highest local contribution in the PRD occurred in areas near the Duanfen site and ...).”

Comment:

26. (Lines 482-483, Discussion and conclusions) This discussion about anthropogenic emissions
control is relevant and should be expanded to provide useful input to air quality management and
suggestions to conceive measures capable to reduce the population exposure and the production of
ozone at global scale.

Response:

We expanded our discussions into:

“... As a result, emissions within (outside of) the PRD are likely to contribute less (more) on the
typhoon-induced O3 pollution days than on the no-typhoon days. In order to effectively alleviate O3
pollution and to reduce the population exposure in the PRD, more attention should be paid to
controlling anthropogenic emissions of O3 precursors on a larger scale, rather than focusing on local
emissions, under typhoon influence. For air quality management, it is suggested to comprehensively
evaluate the efficiency of fractional local and non-local emission reductions to reduce Os levels in the
PRD in different scenarios (Thunis et al., 2019; Thunis et al., 2020). This study also suggests that a
thorough evaluation of Os; transport, production and accumulation conditions can be applied to
understand the causes of regional O3 pollution not only in the PRD, but also in other regions. The
results will help find efficient strategies to alleviate regional O3z pollution as well as to reduce its
adverse effects.”
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