Replies to the reviewers’ comments.

Reviewer 1

The paper focuses on whether the use of the fradtmontribution of the m/z 44 signal
to the total organic aerosol mass spectra (f44eamsed as an oxidation indicator. The
authors have collected a certain amount of measmenof trace gases in order to draw
their conclusions and make an educated guessdani$sing information. The factor
f44 was compared with the photochemical age optheitants (tfOH]) calculated from
NOx/NOQy, as the toluene/ethyne concentration @iox/NOy and hydrocarbon clock,
respectively) is not applicable in this situatiomat was found to increase as t[OH]
increased. This led to the conclusion that theofaidi4 can be used as oxidation
indicator and a discussion about the applicabdftthis method and possible causes of
discrepancy with previous studies was included. maauscript is in generally clear
though | think some improvements in the qualityhef figures are necessary. | would
suggest considering moving most of the time sari¢sace gases to the Sl or at least to
create a more compact one page figure with atheifrt together. As they are now they
do not really improve the quality of the paper megsuch additional information that
requires them to be plotted individually.

Authors’ reply

Thank you very much for your review. The similar canment on the time series

plot (Figure 2 and Figure 3) has been raised by o#én reviewers. Due to the various
magnitudes with many data points, combining all thee time-series figures into one
did not make the plots legible. We, therefore, deded to move the plots to the
supplementary information (Figure S-4a to 49).

One major point | have is the choice of the ave@bleconcentration for the lifetime of
CO, ethyne and NOy in section 3.3 and for the edton of the competition of the O3
reaction in section 3.5. It is not clear how thé&ats arrive at the estimated
concentration of average OH. The authors shoulatlgigustify their choice, and as it is
an estimate they should give a good idea of thexeif changing the estimation, i.e. the
sensitivity of their estimate. Later in that sent{tines 17, pagel6) it is reported that a
value of 3 x 106 molecules cm-3 would be 6 timegdahan the concentration reported
previously by Irei et al. 2014. As far as | can, tislere is no measured OH
concentration reported in the cited paper.

Authors’ reply



The reason for the choice of average [OH] is giveriearly in the revised
manuscript (line 261, 388-389, 545). After the otheeviewer pointed out, we
realized that the discussion using 3x1076 moleculg®r cc of OH radical (the [OH]
required to have the comparable reaction rate to tht of R2 channel) was incorrect
because of the slow reaction of N20O5 with water, éhseries of R2-R4 is more likely
insignificant as the NOx sink, unless otherwise Rdhannel is significant, which is
not supported by the acidity of aerosols observed.

In addition | think that figure 9 requires some iiddal explanation as it is hard to
understand and as some suggestions for valueskdtoand mixing ratios of NMHC
in the region of East China Sea are drawn fromfibige. | would suggest including a
legend to make it easier to immediately identifyicghhcolor is which. Would it be
possible to highlight the observed trend that na L7 on page 18 is lying between the
trends for the dilution with the background air @he reaction loss? Also, how can |
see (line 10 on page 19) from figure 9 that thekgemund NMHC ratios seem to lie
between -3.5 and -4?

Authors’ reply

The legend was added to the updated figure (Figuré). To impress the influence of
vehicular emissions and natural gas, the sentencegre re-organized (line 454-
459). The suggested NMHC ratios of -3.5 and -4 dté¢ background were meant to
the lowest values of the natural logarithms of tolane/ethyne and-pentane/ethyne
ratios, respectively. The explanation was not suffient, so the sentence was revised
(line 474-476).

Specific comments:

In general | would suggest to remove the “Note”tfratn the manuscript.
Authors’ reply

The majority of “note” was deleted from the text.

- Line 2, page 4: the wind is from west to east
Authors’ reply
Corrected (line 53).

- Lines 25 to 27 page 4: it is not totally clearatis given the evidence of SOA production
Authors’ reply



We meant that a systematic trend for the fractionsof carboxylate in the organic
aerosol f44) with tfOH] is the evidence of SOA. The sentence was regsed (line 35-
36).

- Figure S2: 1 would suggest putting the cardirahgs directly on the figure
Authors’ reply

The four directions were labelled with N, E, S, andV in the updated Figure S-2
and S-6.

- Table 1: what does n stand for?

Authors’ reply

It is the number of data points. The column label \&s revised in the updated Table
1.

- Lines 10 to 12 page 9: It is reported that thecemtrations of organic aerosol reported
by Irei at al. 2014 were relatively low. How doésstfit with the current study?

Authors’ reply

The 10-day low concentration period Irei et al. (204) studied is a part of the half-
year study period reported in this paper, so the rsults here is more like the overall
evaluation of the data from low concentrations to fgh concentrations. Your
comment made us realize that in the text there shddibe a better place this
information should be inserted in. The sentence wagvised and inserted in line
189-191.

- Lines 10 to 13, page 11: It is not clear to meerreaning of this sentence. High
mixing ratios occurred for a small portion of tHeserved data or high mixing
influenced by local pollution occurred for a sn@dktion of the observed data. Is it
possible to distinguish between the two cases?

Authors’ reply

We have distinguished the pollution episodes of latand long-range transport
origins by the durations of the episodes. That's wdit the sentence was supposed to
mean. The sentence was rephrased to make this megsanore clearly (line 248-
251).

- Line 1and 2 page 12: what is the meaning of riig@nproved emissions in NOy?
Authors’ reply



The other reviewer pointed out misinterpretation ofdiscrepancy due to “improved
emission of NOy”. This discussion was thoroughly @nged (line 273-282).

- Line 13, page 13: which data point?

Authors’ reply

“that data point” was changed to “the data point offsz andf44” in the revised text
(line 322).

- Line 28, page 13 to line 2, page 14: | suggg#tnasing the sentence.
Authors’ reply
The sentence was rephrased (line 336-339).

- Line 3 page 16: 1 x 106 molecules cm-3 of OHcaldi do not correspond to 0.05
ppbv: : :rather to 5 x10-5 ppbv.

Authors’ reply

The unit was corrected to pptv for the concentratio of OH radicals (line 386).

- | would suggest to separate in section 3.6 tleedifferent t{OH] estimates with two
subsections. It should also be stated in a clegagrthat the estimate of tfOH] from the
hydrocarbon clock is not possible for this conaisio

Authors’ reply

| understood that the section you referred is 3.5Ghemical clocks). We divided the
section into section 3.5.1 and 3.5.2. The discugswas revised to make the issue of
mixing with background air clear (line 452-466).



Reviewer 2

General Comments: My understanding of the purpbs@i®paper was to determine the
age of air masses based on gas and particle pkigsdion products transported
downwind of a highly polluted region. This workn®tivated by a desire to understand
the strong and evolving influence that point sosi@eair pollution in China have on
the surrounding regions. It is clear in this papet a lot of experimental work was
done. The analyses performed are explained welhamthorough. All of the results are
presented well, but | feel conclusions drawn fréw@ tesults could be improved. For
instance, what does it mean to have a similarrfiédease rate at your site as was
observed during the New England Air Quality StutlgPhaving trouble bridging the
conceptual gap with how determining the age ofd@hemnsported air masses combined
with the chemical oxidation product information gsvus useful information about SOA
or transported air pollution generally. Having taigplicitly and simply laid out would

be very useful, but it is not necessary.

Authors’ reply

Thank you for evaluating our manuscript. The abstract was revised so that readers
will have an clear idea how useful the informatiorhere is and what the agreement
with the results from the other study implies for (ine 39-44).

Specific and technical comments:

section 3.3 — line 15 or so... | would change "higlorrelated” to just "correlated"...
that might be even stretching it with an R2 of @ 5@ OA but with ambient
measurements "correlated" seems fair

Authors’ reply

“highly correlated” in the text was replaced with just “correlated” throughout the
text.

section 3.3 — line 21 or so ... can you site a@tor your average OH concentrations?
generally to equate OH concentration into an edentd OH exposure day" in chamber
studies we will use 1.5x10°6 [Mao, et al. 2008].

Authors’ reply

The 5x10"5 molecules per cc was from Takegawa et §2004), who estimated it
from the hydrocarbon clock measured in the plume fom the Asian continent and
Japan. They also experimentally determined lifetimeof NOy. We were supposed to
refer the publication there, but did not. The reference was cited in the revised



manuscript (line 261).

section 3.3 — "The high correlation (of particulatemonium) with [delete organics]
organics (m/z 44) suggests that (organics are pityr@mposed of carboxylic acids).
[delete beyond here] in major the organics compaseadrboxylic acids.

Authors’ reply

It's corrected (line 284-285).

section 3.3 — | didn’t really notice before herat @Bmmonium (NH4+, which is
measured

by the AMS is referred to as "ammonia" here whghat correct)

Authors’ reply

Thanks for pointing this out. All “ammonia” was replaced with ammonium (line
283-292).

section 3.4 — what are the correlation values betvw@ur extracted spectra from PMF
and the spectral database? What are the correlatlaoas between your December
spectra and the spectra described in this study?

Authors’ reply

The coefficients of determination for the correlatons between the LV-OOA and

the reference LV-OOA from the database and betweetine LV-OOAs from this
study and from lIrei et al. (2014) were 0.94 and 03 Those for the HOAs

(excluding the signals at m/z 27 and 29) were 0.88d 0.98, respectively. The
coefficients of determination were provided in line313-317.

General comment — The term "signifigance" is ugetherally, in scientific literature
to describe a statistical significance. When "tlgaificance of a reaction channel"
is being evaluated you could alternitavely say ‘fi#levance". You could also say
something like "the reaction of x with y is dominakring the day" as opposed to
significant.

Authors’ reply

According to your advice, “significant” and “insignificant” line 372 were replaced
with important and negligible. “significant” in lin e 379 was replaced with
dominant.



Page 21 - grammatical correction "This hypothegissistently *explains our
observations that the f44 oxidation indicator somes$ worked, and sometimes did

not."
Authors’ reply
It's corrected (line 527-528).



Reviewer 3

Overview: This manuscript presents measurementshg ratios of selected trace
gases and composition of sub-micron secondary argemosol at a rural location

in Southern Japan. The authors compare these neeasots to previous measurements
from this site and other sites in the region, dssctorrelations between measured
species, and estimate the photochemical age ofasses using concentration

ratios of selected trace gases. The stated purpaséo use these age estimates

to explain variation in the concentration of se@mydollutants, specifically SOA and
ozone. Understanding the evolution of SOA and fadtafluencing ozone formation are
highly relevant areas of research especially irstheheast Asia region. The major
strength of this manuscript is the high qualityadat generated at a site that receives air
masses from industrialized areas of China aftéioat $ransit across the East China
Sea. The experimental approach is straightforwartisound, and the methods used
are adequately described. The paper is, for the paog well written with clear
organization. Ultimately, the authors present alependent, quantitative estimate of
the relationship between photochemical age andzeddorganic content of SOA,;
however, the manuscript does not clearly addressttited objective of determining the
relationship between photochemical age and ozormgiratios. While this

relationship is discussed in lines 362-368 and 3&%-and in Figure 10, the manuscript
could benefit from a clearly identified and condated discussion of this relationship
similar to that in section 3.6 for f44 vs. t{OH]lté&rnatively, the mention of ozone in
line 79 should be eliminated. In addition, sevetakr issues should be addressed to
improve the clarity of the manuscript as detailetbt.

Authors’ reply

Thank you for your evaluation. Discussion on O3 mixg ratio and t{[OH] is given

in section 3.6 in the revised version. Thereforehé statement for the association of
t[OH] with O3 was left as it is in the introduction (line 81).

Specific comments:

Title: The term “oxidation products” could be ma@gecific as many readers would
consider this to imply that gas phase oxidatiordpots (OVOCs) were measured.
Perhaps mention SOA or use the term “secondamyodltants”.

Authors’ reply

If we used “secondary air pollutants”, we would beausing the term “pollutants”
twice in the title. Instead of such repeat use, thitle was revised to “Photochemical



age of air pollutants, ozone, and SOA in transbouraty air observed on Fukue
Island, Nagasaki, Japan”

Abstract: It may be beneficial to mention the ranggOH] calculated using

NOx/NQy. Given the stated purpose of the study,esamention of the relationship
between ozone and NOx/NOy should be included. Gamtportance of the calculated
f44 increase rate be put in better context in fssdtence instead of a simple
comparison to the NEAQS data?

Authors’ reply

The range of tfOH] was added in line 32-33. The rationship between O3 and tOH
was added in line 40-43. The importance of informadn here is given in line 43-44.

Introduction: The sentence on lines 50-51 indicttas air masses move from east to
west; this is opposite of the direction from Chinaapan. Otherwise, this section is
clear and concise.

Authors’ reply

The mistake was corrected (line 53).

Experimental: This section is also sufficiently thiagh, but also concise. A more
detailed description of potential local sourcesrate gases in the study area would be
beneficial for readers unfamiliar with Fukue Islafdr example, are there agricultural
operations that could contribute to the high patéte nitrate concentrations, or
combustion sources other than automotive traffat dould contribute to ethyne and
CO?

Authors’ reply

The site is located in-between the small pastureEhere may be influence of
vehicular emissions as local farmers mow the pastes by a tractor. This

description was added in line 89-90. Other than tlsi home incinerator,

agricultural waste burning, and traffic emission can be possible sources for CO,
the NMHCs, and measured aerosol chemical speciemd 90-92). We do not know
other possibly important sources for these chemicapecies. We have not detected
apparent influence of nitrate PM during the farmers activity, such as a use of
nitrate fertilizer.

Results and discussion: Section 3.1: Lines 139-HéW0 were precipitation events



determined to have a negligible effect on traceagmbaerosol data?

Authors’ reply

The line number you refer is probably 106-109 in tk original manuscript
submitted. We meant that the frequency of precipitdon events was less enough
that the overall results of evaluation including tle data collected during the
precipitation events do not change much. To avoid isunderstanding we
rephrased to “Precipitation events were observed @asionally, but their frequency
and strength did not seem to significantly affect ar overall interpretation of the
entire data set.” (line 155-156).

Section 3.2: Lines 167-173: Are there agricultug@érations in this region that could
contribute to the high particulate nitrate concatndns?

Authors’ reply

During the period of our study, we did not observesignificant impact of these
chemical species by agricultural operations.

Lines 224-228: The seven high-concentration epsedre derived from industrialized
areas of the Asian continent. This text shoulddmed because the clean air masses
originating in Mongolia are transported from thdakscontinent, too.

Authors’ reply

This part was criticized by the other reviewer. Alhough there were trajectories
passing the industrialized area (i.e., south-wesft 8eijing), there were trajectories
coming from other places. Back trajectories are adol to provide a rough idea of

air mass origins. This is stated in line 238-243 ithe revised manuscript.

Section 3.3 Lines 242-243: Ethyne is a tracer énlgustion sources in general, not just
vehicular emissions.

Authors’ reply

The sentence was revised (line 257-258).

Line 250: Explain what variables were used in ggression.

Was it CO and NOy?

Authors’ reply

Yes, the regression was meant for CO and NOy. It dearly stated in the revised
manuscript (line 265-268).



Lines 253-254: What do you mean by recently impdosmission of NOy? Reduced
emissions?

Authors’ reply

This discussion was thoroughly revised (line 273-28 “improved” or reduced
emission of NOx was incorrect.

Section 3.4 Lines 289-290: What was the match p¢age for your HOA and LVOOA
spectra compared to the Ulbrich database?

Authors’ reply

The 2 for the correlation between the HOA and LV-OOA mass spectra in this
study and the reference HOA and LV-OOA mass spectrifom the database was
0.53 (excluding m/z 27 and 29 in this comparison @uo influence of wide peak
width of m/z 28) and 0.94, respectively. The inforiaion is given in line 314-316.

Lines 299-300: What does the high OM/OC ratios lsintb humic-like substances say
about the sources of your observed OA?

Authors’ reply

The high OM/OC ratios indicates that the organics vas made of HULIS. However,
this information cannot give any clue for its soure information.

Section 3.5: Temperatures in this section are givéhand _C. Choose one unit and be
consistent throughout the manuscript. Also, at spaoiet in this section, it is important
to explicitly state that no reliable tfOH] was aalited from the hydrocarbon clock.
Authors’ reply

Thanks for pointing out the mistake on temperatureunit. It is corrected

throughout the text. The limitation of {{OH] estimation by the hydrocarbon clock

is stated in line 462-466 in the revised manuscript

Lines 313-315: Consider rephrasing these sentd¢ngrdicate that because there are
few potential sources of these gases between @missurces in Asia and the study
site, this study offers an opportunity to use phb@mical clock estimates under nearly
ideal circumstances.

Authors’ reply



The sentences in line 341-343 meant so. Pleasaieknow if we misunderstood
your suggestion.

Lines 374-376: The difference is consistent withrat?hPlease clarify your meaning.
Authors’ reply

This part was removed from the text because the disssion using 3x10"6
molecules per cc of OH radical (the [OH] required 6 have the comparable
reaction rate to that of R2 channel) was incorrectiue to the slow reaction of N205
with water.

Lines 446-447: These values refer to “natural lagformed hydrocarbon ratios”
Authors’ reply
The sentence was revised (line 476-478).

Line 498: Significantly low what? It looks like seting is missing in this sentence.
Authors’ reply

This part was revised to “a significantly low f44”(line 526). Actually it was already
corrected in the manuscript published in ACPD.

Section 3.6: This discussion could benefit frontemcstatement comparing the
proportions of HOA and LV-OOA observed in the 20tdasurements (Irei et al. 2015)
and in the current study and the correlation coieffit with tfOH] or NOx/NOy for each
dataset. This may be helpful in determining a miummproportion of LV-OOA
necessary to use f44 as an indicator of oxidation.

Authors’ reply

You probably meant our publication in 2014 (Irei etal., 2014, EST). The
comparison of PMF results between the previous anithis study has been made in
section 3.4 (line 310-328). Theoretically, there r® minimum proportion of LV-
OOA to work as an oxidation indicator, but maximum proportion, at which f44
starts levelling off as t[OH] keeps increasing. Ths would depend on f44 values of
two members. This explanation was added in line 52228 in the revised
manuscript.

Summary: Again, the use of the term “oxidation pretd” could be more specifically
referred to as oxidized organic particulate matdad some mention of the relationship
between ozone and t[OH] should be made.



Authors’ reply

“the oxidation products” was rephrased to “the ozore and SOA formation from
the oxidation of atmospheric pollutants”. Some staments for the relationship
between ozone and t[OH] were also added (line 577%).

Figures: Figures 2 and 3: Can these be combinguathiade wind direction in Figure 1?
If not, it would be helpful to have percentagedfmmwind rose in Figure 3 to indicate
the distribution of wind direction observations.

Authors’ reply

Thanks for your suggestion, but it is not clear whapercentages of. Do you mean
percentages in frequency of occurrence above condeation thresholds arbitrary
set? For your information, polar plot of chemical pecies concentrations are shown
below. It can be seen that apparent sector-dependeswas not observed in many
chemical species, except NOx and m/z 57 fractiorb{f): there is some sector-
dependency in NOx and f57, but frequency was not mg. For this reason, we did
not go for further discussion on wind-sector depenehce.

o PM_Org

Figure. Wind-sector dependence of various chemical species concentrations.

Figure 5: This figure is quite large. Can panelhwpecies with similar concentration



ranges be combined? Also in panel (e), why doebdiseline concentration of
isopentane decrease after the break in the data2iigaa calibration issue?

Authors’ reply

| guess, you refer the time-series plot (Figure 3g}. Based on your and the other
reviewers’ comments on this figure, we decided to ave the figure to the
supporting information (Figure S-4a-4g).Regarding the i-pentane issue, there was
a chromatographic problem for the peaks of i-pentae around this period, and we,
therefore, removed the suspicious data.

Figure 6: A boxplot of CO mixing ratios binned by direction may be more useful
in demonstrating the lack of wind dependence. @irggda mean or median line to the
wind rose would help.

Authors’ reply

From the figure of polar plot of CO (Figure S4), itseems clear that the statistics of
wind sector dependency of CO mixing ratio would noprovide a distinctive trend.
To make it clear, box plots were created (see thagtire below). In this plot, north
(N), north-east (NE), east (E), south-east (SE), @ (S), south-west (SW), west
(W), and north-west (NW) were defined as the anglenges of 337.6-22.5, 22.6-
67.5, 67.6-112.5, 112.6-157.5, 157.6-202.5, 20462, 247.6-292.5, 292.6-337.5
degrees, respectively, where 0 degree is definedrasth. The standard deviations
ranged from 80 to 120 pbbv, so we would say that ¢hvariation of the medians are
insignificant.
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Fig. Box plot of CO mixing ratio depending on wind direction. The horizontal bars



inside the boxes, the upper and lower horizontal bars of the boxes, the lower and
upper whiskers attached to the boxes stand for median, upper quartile, lower quartile,
maximum, and minimum values, respectively. Standard deviations for the dataset of
each direction ranged from 80 to 120 ppbv.

Figure 12: It would be helpful to show an overedindline for the data to allow for a
comparison with the modeled trends.

Authors’ reply

| guess, the reviewer is referring to the f44 ploagainst t{OH] (i.e., Figure 10 in
ACPD version). The linear regression shown in thedure is the overall linear
regression. Because the range of {{OH] was not sad&, we thought that the linear
regression would be the best to evaluate the obsexoverall trend with minimum
personal bias.

Tables: Double check that consistent significaguiries are used in all tables. In Table
1, for example, the Max CO mixing ratio is givendtsignificant figures, the median to
3 sig figs and the minimum to 2 sig figs.

Authors’ reply

A significant figure depends on the digit where unertainty exists. Based on the
detection limit of CO, 10 ppbv, the uncertainty isn the order of a few ppbv. That is
why the values of CO in Table 1 are given in diffent significant figures. However,
the digits for O3 and NMHCs seem to be inconsisteniThe digits for the mixing
ratios of these chemical species in Table 1 werertected. In Table 3 the OM/OC
ratios were rounded to one decimal point. Thanks agn for your review.



Reviewer 4

Review of “Photochemical age of pollutants and akmh products in transboundary air
observed on Fukue Island, Nagasaki, Japan” for Apheric Chemistry and Physics
The authors have collected an interesting datafdedce gas and aerosol observations
from a site in Japan which is exposed to contirentdlow from the Chinese mainland.
The title leads with “Photochemical age”. FigureldE®ed on NOx/NOy shows a
reasonable trend in that there is more ozone ier@a masses. There is a link between
photochemical age and f44, though very noisy. Apeagnt conflict with the authors
earlier work is examined with a model that gives iid terms of the properties of HOA
and LVOOA, the amounts and properties of whicheddtl between campaigns. A
parameterization is arrived at with multiple conssefor fitting, some of which may be
derivable. That aspect deserves discussion. Umfatdly the differences

between campaigns is not fully resolved. In redarthe trajectory analysis | recognize
that the accuracy of individual trajectories is ggafly not high enough to make
definitive statements. When considered in grougsaan gain insights as to source
information. | believe that the source identificatiwould be more persuasive if the
experimental period were divided into sets witlefisode levels of CO and 2) mid or
low levels of CO and the ensemble of trajectoraggtiese conditions compared. In
regard to photochemical age: There are many wawhich ratios can give biased age.
In parts of this paper photochemical age is treagekdaving quantitative potential, as in
the discussion of rate constant for OH+NO2. Buhmend the authors seem to get it
right, a valuable tools to give information on tiedative effects of atmospheric
processing

Some of my comments are ways in which this manpiscauld be improved. Some are
critical. There are conclusions, which may or mayve correct, but are not
substantiated. There are serious errors concenmgngtime chemistry of NOy and the
lifetime of NOy which need to be corrected befdris tmanuscript is considered for
publication.

Authors’ reply

Thank you for spending your precious time to evaluge our manuscript.

Comments

Abstract, line 9-11 correlation of NOy with CO ings negligible loss of NOy by
reaction with OH radical. Loss from the NOy famaliycompounds due to reaction with
OH is very slow. Loss of NOy is mainly from wet atiy deposition. Oxidation of



NO2 to form HNO3 is rapid, but does not lead tsloENOy. HNO3 so formed could
partition to the aerosol phase but still would kéedted as NOy by a NOx dectertor
with a heated Mo catalyst.

Authors’ reply

Thank you for your critical, but constructive comment. We have neglected the wet
and dry deposition of HNO3. The importance of wet/dy deposition caused major
revision in the discussion, but the conclusion badeon the observations remained
the same. We considerably revised for this discussi. The details of revision can
be found below.

Abstract, line 21. the f44 increase rate was 193(-(-1) molecule”(-1) cm”(-3). The
terminology is confusing. f44 is dimensionless #adate of change should have units
of 1/time. The f44 increase rate is actually gibgrL.05(-9) h"(-1) molecule™(-1) cm™(-
3) [OH], where [OH] has units of molecules/cm”3eTgresentation in Eq. 3 is correct.
Authors’ reply

We agree with your point, the terminology issue. Al‘increase rate” are now given
as the slope times [OH] (line 37, 43, 502, 543).

Page 5 Discussion of inlets and NOy measuremewner@he inlet dimensions and flow
rate, there is approximately a 30 second trams# from the top of the inlet to the NOy
instrument. Unlikely that HNO3 would make it thrdugd description of the
measurement used in the present study should mthelconverter location

Authors’ reply

A statement for the location of molybdenum convertewas added in line 97-98.

Page 11, line 15-17 CO was highly correlated wi@yNr2 = 0.674), ethyne (r'2 =
0.724) and organic aerosols (r"'2 = 0.562) Theseeladions are not that high in
comparison

to observations in other studies. | do not knothé& modifier “highly” is warranted.

The present data set is accumulated over a fewiseasnd at a location that has long
range transport from multiple directions. The dsigrof emission sources and degrees
of atmospheric processing will suppress the overatlelation.

Authors’ reply

“highly” was removed (line 255 in the revised manusipt).

Page 11, lines 20-21 at an average OH of 5e(9)fétiene of NOy is 1.7 days. This is



incorrect. 1.7 days is the right order of magnitémteoxidation of NO2 by OH under

the assumed low OH concentration. Oxidation of NK@Bsforms one member of the
NOy family to another. It does not change the NOgaentration. The lifetime of NOy

Is set by wet and dry deposition and is affecte@biyonly in so far as reaction changes
wet and dry deposition rates.

Authors’ reply

Thanks for pointing this out. The statements werericorrect, and we revised the
statements to compare the lifetimes of CO, ethynand NOy (line 258-265). 1.7 day
lifetime was adopted from Takegawa et al. (2014),wo experimentally determined
NOy sink during an aircraft campaign over Japan.

Page 11, line 23-25 NOy and CO were transported aghort distance This conclusion
relies on a 1.7 day lifetime for NOy and is therefeuspect.

Authors’ reply

The lifetime seems to be able to explain the diffence between the observed
NOy/CO and the NOx/CO at emission. However, we admihat the expression of
“short distance” was inappropriate, thus removed.

Page 11 — 12. Discussion of NOy to CO ratio. Theeolked ratio from a linear
regression is 0.03. A study published in 2002 gavatio of 0.1 and a model calculation
published in 2012, for air masses which had besrsported long distances, gave a
ratio of 0.03. The change in the ratio from the26tudy to that from the present paper
and the 2012 study is ascribed to recently impraragsion of NOy. The text implies
that these few scattered numbers are due to emiskanges. If that claim is made it
should be documented. In the U.S., emission canhraVve caused urban ratios of NOx
to CO to increase, at least up to around 2010vsek by Parrish et al). Low NOy/CO
ratios of order 0.03 are usually indicative of laagge transport in which NOy has
been partially removed by deposition. A minor pofhe usually does not refer to NOy
emission but rather NOx emissions.

Authors’ reply

Thank you for the critical and constructive comment We found that the NOy/CO
ratio of 0.1 Takegawa et al. reported in the text des not match with their actual
observations shown in the figure. Their figure ratler shows the ratio of 0.38 for the
plume originated from Japan. So the NOy/CO ratiosrom the independent three
studies are in the same order. The 1.7 day lifetimef NOy Takegawa et al.



reported is based on their aircraft observations.tlis not due to the reaction with
OH, but the deposition. Given the deposition as thmajor sinking channel of NOy,
the lifetime of NOy in our study is expected to béhe similar order, unless
otherwise the wet deposition, which we neglected gne significant in their study.
Meanwhile, the back trajectories showed the transpt time from the Chinese
coast to our measurement site was roughly between®and two days. Considering
the lifetime and the rough transport time, we admityour point that NOy likely
sank partially. According to Kurokawa et al. (2013) the NOx/CO ratios at
industrial emission in China are higher than 0.05This supports your point as well.
In addition, Kurokawa et al. report that the emission of NOx and CO in China also
kept increasing from 2000 to 2010. This contradicts our previous statement of
“reduced NOy (corrected to NOx in the revised manusipt) emissions”.

Therefore, partial sink (possibly ~50% or more) ofNOy more likely explains our
observations and other reports consistently. The sk is more likely the wet/dry
deposition of HNO3. Nevertheless of the significargartial sink, the correlation of
0.67 between CO and NOy, the chemical species witte significantly different
atmospheric lifetimes, and the better correlation ktween CO and ethyne (the
chemical species with the longer lifetime than NOyimply that the correlations are
associated with the lifetimes in some extent. Comssent results of NOy/CO ratio by
Takegawa et al in their air craft measurements withour half-year ground-based
observations under the low frequencies of precipitéon events likely suggest that
the sink is mainly due to the dry deposition. Thigliscussion was revised (line 254-
282). By the way, we could find a following publicéon by Parrish et al. (2010):
Impact of transported background ozone inflow on smmertime air quality in a
California ozone exceedance area. This reference@®not seem to be right one. We
appreciate if the reviewer inform us the source opublication more specifically.

Page 11, line 4-5 and following. high correlatidrparticulate organics and ammonium
suggest that in major the organics composed obagtic acids In my opinion this
conclusion, true or not, is not demonstrated byddia provided. An air mass that
comes from a polluted region is likely to have hagimcentrations of multiple
pollutants. Thus a correlation between organicsNidd could be due to 1) a
correlation between sulfate and organics and ?yrelation between sulfate and
ammonium. It is difficult to disentangle multipleteractions. One could start with
multi-variable regressions or PMF calculations thatude inorganic ions.

Authors’ reply



The coefficients of determination given in Table 2xhibit that the r*2 of 0.639
between NH4+ and SO42-, of 0.430 between SO42- ardanics, and of 0.696
between NH4+ and organics. If your thought had beethe case, | expect that the
"2 between SO42- and organics would have been highthan 0.6. In addition, the
PMF analysis resulted in that LV-OOA, organic acid,was the major component.
Furthermore, m/z 44, a marker for LV-OOA, had the highest correlation with
NH4+ (r"2=0.755). For these reason, we think our ewlusion is consistent. The
lower r*2 between NH4+ and organics is due to sonmontribution of primary
organics (i.e., organics represented by HOA in thBEMF analysis).

Page 15, line 7 to Page 16, line 6 Paragraph on &@fistry. The gas phase reaction
of N205 with H20 is very slow. Removal of N20O5 action with water occurs in
aerosol. It is rapid for acidic aerosol but slowhear-neutral aerosol (Brown et al,
Science, 311, 67-70, 6 Jan 2006; Zaveri et al, 163 D12304, 2010). If the N205 is
not removed, NOx will be regenerated. NO3 can edsat with VOCs, primarily
olefins. Depending on conditions, nighttime chergisein remove most or almost no
NOX. The reaction rate cited for NO2 + O3 is jus bne way flux through one of a
series of reactions.

Authors’ reply

We agree with your opinion. The bottom line of thidiscussion is that (1) the high
correlation between O3 and the extent of NOx conveion to NOy indicates the
night time chemistry of O3 with NOx was not an impetant channel for the NOx
conversion, and (2) the high correlation is reasordy explained by the daytime
photochemistry of NOx. Speculation of the minimum QH] (3x10"6 molecules
cm”-3) was made under the assumption that the nightme and daytime chemistry
compete. However, the night time chemistry may natompete unless otherwise
N205 was removed to the aqueous phase. Indeed, @lbrservation demonstrate
that the molar ratio of NH4/SO4 is approximately 3,suggesting that there was
enough NH4 to neutralize SO4. This in turn imply that the updake of N205 by
aqueous phase is very small, as you say. Therefovge removed the discussion for
the speculation of the minimum [OH] from the text from the section 3.3).

Page 16, line 7-20 Relative effects of nighttimd daytime NOx chemistry on O3.
The effects of daytime chemistry have to be comsmlePhotochemical O3 production
in the day is a chain reaction creating severaldd@ach NOx removed. By taking



differences between the 75th and 25th percentti@idarable 1 (best | could do with
data on hand) one obtains a qualitative estima#eSomolecules of Ox produced per
molecule of NOx oxidized. The actual value is lowgran unknown amount because of
NOy deposition. Nighttime chemistry is less effidien using NOx to remove ozone. If
the same amount of NOx is removed in the day aglkitnihere will still be a positive
correlation between O3 increase and NOx decrease.

Authors’ reply

We understood your point that N20O5 formed in nightime still contributes to the
daytime photochemistry, unless otherwise N20O5 waaken up by aqueous phase.
The plot of IN[NOx]/[NOy] vs [O3] (Figure 5 in the revised manuscript), however,

is made with hourly data including daytime and niglttime. If the nighttime
chemistry (R2 channel) took place, we expect thahé conversion would reflect to
the plot. We, therefore, interpreted the plot thatthe nighttime chemistry was
negligible under the condition of our field measureents.

Page 19, Section 3.6 Dependence of f44 on t{OH{d leesome increase in f44 with
age. Perhaps this would show up better if the dasbinned or lowess fitted. It is
puzzling that different studies gave different tessUEqg. 4 makes sense. | don’t
understand why a and b are arbitrary parameterat Viist be measured to get their
values?

Authors’ reply

The a and b values in eq (4) are parameters determing the relative magnitudes of
HOA and LV-OOA in the binary mixture, respectively. If the HOA and the
precursor of LV-OOA (or SOA) were from the same enssion with the constant
ratio, we expect that the same a and b values wile observed in different studies.
If sources of HOA and the precursor are differentthose values would vary,
depending on emission strengths, dilution, and et&y piling up more observations
in different studies, we will be able evaluate whéer or not those values vary
largely or can be averaged out.

Minor points

Page 5, Line 23-24. Could you please supply DINGrand NO2. | am surprised to see
a single figure for both as the measurement of MQIbne by subtraction and involves
the LED efficiency.

Authors’ reply

NO and NO2 were measured by the same chemiluminestdNOx analyzer, but the



loading channels were different. So the DLs for N@nd NO2 are the same (line
126-127).

Page 6, line 16-17 Are the AMS detection limits&at0 minute period?
Authors’ reply
Yes, all AMS measurements here are 10 min averagedncentrations (line 105).

Page 6, line 23 and 25 What averaging times ar@ insgpecifying detection limits for
NOx, NOy, O3, and CO?

Authors’ reply

The DL for the ozone analyzer was corrected to 3 fipv. The averaging times used
for determination of DLs for these chemical speciewere 1 min averaging time.
The information of averaging time was added (line 27 and 129).

Page 14-15 Photochemical age, in particular chaficeaction rate constant for
OH+NO2. The range of values due to temperaturepagssure is small compared with
other systematic errors such as the ratio of NO2@a and the occurrence of reaction
channels (e.g. PAN formation) that remove NO2.

Authors’ reply

In Table 1 the statistics for NO was added. The piortion of NO in NOx was very
minor (the median of NO in NOx is smaller than 1%).This is stated in line 218-219
in the revised manuscript. Possible bias caused ligrmation of PAN is described

in line 402-416.

Page 15, line 1-5 | am confused by the sensitoatgulation. As | understand, kNO2 is
between 9.3e-12 and 1.1e-11. A nominal value ad-1Dwas used in the calculations.
The product of KNO2 *t{[OH] must remain constanitas determined by a measured
ratio of NOx to NOy. From Eq. (1) if 1.1e-11 is dse place of 1.0e-11, t[OH]
decreases by 9%. Going the other way, t[OH] in@edy 8%. The stated range in bias
is different; -10% and 5%. A change in temperatirglus or minus 5K is brought up
but evidently is not what is used in arriving a& #NO2 values in line 330. But more
important why bother with the extended discussibthe temperature dependence of
NO2+0OH, when there are much more significant factbactors left out are the ratio of
NO2 to NOx and the occurrence of other reactiom stscPAN formation.

Authors’ reply



The discussion was requested by our colleagues. Apgies if the discussion on this
issue irritated you. We meant that the comparison étween the calculated t{OH]
values using the temperature-dependent kKNO2 and thiexed KNO2 (*kNO2)
resulted in the difference ranging from -10% to +7%(correcting +5% to +7%),
relative to the tfOH] from the temperature-dependen kNO2. Referring the t[OH]
with the use of *kNO2 as *t{[OH], the relative biasis defined as

(({OH]-*[OH])/{JOH] = (*kNO2 -kNO2- kNO2-kNO2) *kNO2 -kNO2 .

We hope that the revised sentences (line 362-364akes this understand more
easily.

Page 20, line 19 extent of reaction Needs a defmit

Authors’ reply

It was defined as “extent of reaction processing for the LV-OOA precursor” in
the revised manuscript (line 511-513).

Figure 9. Why is the f44 of HOA exactly zero? OA/@C this PMF component has an
O to C ratio approximately equal to one.

Authors’ reply

I’'m not sure if we are understanding your point (Oto C ratio) correctly, but the
reason why f44 is zero is simply that the HOA compwnt from the PMF analysis
contained insignificant magnitude of signal at m/Z4. If you meant the OM/OC
ratios, those ratios for HOA are zero (Table 1).

Supplement The text implies that Figures S1 tosBaiv trajectories for end of each
episode terminating in Pacific Ocean or MongolihisTis a hard feature to pick out.

In some cases (S-7) the last trajectory passestiwesame regions as trajectories that
are part of the episode, but with a greater wirekdpIn Fig S2 the last trajectory
terminates over the East China Sea. However, ilyesctory is shorter than the others
and appears to point toward the mainland.

Authors’ reply

Let us correct that S-2 and S-7 you are referringd are the episodes in Feb 11
(episode 2) and May 19 (episode 7) in Table S-1spectively, which are S-6 and S-
10 in the ACPD version. We also realized that theehgth of back trajectories in
previous Figure S-5 to Figure S-10 was inconsistergo the figures were updated so



that legible trajectories with consistent duration(48h back trajectories) were
drawn.

Overall, large changes in the trajectories were saeat the starts and/or the
ends of each episode. It is thought that those atiee transition of episodes. During
the episode 2, the trajectories started from the nth-eastern coastal region (the
north-eastern industrial region) in China. Roughlyspeaking, the beginning and
end of episode 2, the velocity of air mass changeshich are indications of
transition of air mass origins. For the episode 3rad 7, such transition was
observed in the middle of episode period. It is pagble that different point sources
influenced air quality. From the series of back trgectory plots, the information we
gained was that the pollutants were likely derivedrom the Shanghai, north-
eastern industrial, and Korean (near Seoul) industial regions. Because the
trajectories are not so accurate, it is hard to pirdown where the sources are. The
explanation was revised (line 239-244)

Table S1 The main text, line 223, promises qualganformation on the
concentrations of other (non-CO) chemical spetiess expecting average or peak
values, not check marks. The foot note to TablsgLifies that the check marks are
for observation of remarkably high concentrationth@ut specifying what “remarkably
high” means, either on an absolute basis or r&ldtthe average or frequency
distribution of the ensemble of measurements. Aaldhill information needs to be added
to Table S1.

Authors’ reply

We meant “remarkably high” as relative values (i.e. observations of concentration
rise). So the concentrations are not necessarilygh in absolute scale. The footnote
of Table S-1 and the explanation in the text was wsed (line 238-239).

TYPOs, wording Page 4, line 2 “east to west” Shdaddvest to east
Authors’ reply
Corrected (line 53).

Page 9, line 1. emission sources of nitrate Shioeldmission sources of NOx.
Authors’ reply

We meant emission source of primary nitrate. The ten “primary” was added to
the sentence (line 186).



Page 11, line 5 in major the organics compose@uifaxylic acids Suggest: organics
are primarily composed of carboxylic acids

Authors’ reply

The phrase was corrected so (line 285-286).

Page 21, line 7 photoxidation toluene Suggestetwuphotoxidation
Authors’ reply
Corrected (line 522).

Page 21, line 8 “.. parameter, the 4 of which atewmhnined by PMF analysis” Eliminate
“the”

Authors’ reply

The article was removed (line 523).

Page 21, line 8 starting with “More progress..” [datentence.

Authors’ reply

It's corrected to “The greater extent of reaction pocessing proceeds, the greater
LV-OOA contributes to the binary mixture of HOA and LV-OOA, each of which
has significantly different f44 value.” (line 524-526)

Page 21, line 10 “containing a significantly lowntiaues to increase. Words are
missing

Authors’ reply

A word was missing in the original file, but it wasalready corrected in the paper
published in ACPD (P21, L11). Thanks for pointing his out anyway.

Page 39, Symbols on Figure 6. Colors for top twegaries difficult to distinguish. |
have normal color vision.

Authors’ reply

The colors of the plots and their sizes were changeo that readers can easily
distinguish the plots (revised Figure 4).

Page 41, x-axis of Figure 8. Dates should be theesss used in other figures, i.e.
Dec 1, Jan 1, Feb 1, etc.

Authors’ reply

The x-axis was corrected (revised Figure 6).



Figure 11 appears to be missing from last verdian itdownloaded. In a previous
version it had a time axis that did not match athgures.

Authors’ reply

The reviewer may have referred to the time-serieslpt of calculated tfOH] by
NOx/NOy clock. Your point sounds the same as the prious comment
(inconsistent different time format). The inconsiséncy was corrected in the revised
manuscript (revised Figure 6). Please let us knovirwe misunderstood your
comment. Thank you very much for your help to improze the manuscript.



