A point to point response to the reviewers’ comments
We thank the two reviewers for their comments, and we think their comments and
suggestions improved our manuscript. Here are points to points responses (in blue
colored), accordingly, we also revised manuscript (in blue colored).
Reviewer #1
General comments: There are many details of instrument operation, including that of
the ACSM and also the LTOFMS that are omitted from the paper and supplementary
material. The authors focus on measurements for the period from October 2018 to
February 2019, but later on only shown data for a three day period in February. Please
state this clearly in the abstract, introduction, and methods section if this is the only
haze event encountered during this five month sampling period? If not how
representative is this haze event compared to other events.
Response: At first we considered the data of these instruments as supporting proof
materials, but later we thought that it is very likely that the details of these instruments
need to be explained. We will introduce these instruments in the subsequent
comments to prevent repetition.
Actually, it's not the only one haze event during this five month sampling period. We
chose a dozen of haze events based on the our measurements and this haze event
shown in Figure 1 is a typical event. As the MLH decreases, with high relative
humidity and a sharp rise in the concentration of various pollutants, the mass of
particulate matter has shown explosive growth. This is a good example to describe
that Haze has been suggested to be initiated by the variation of meteorological

parameters and then to be substantially enhanced by aerosol-radiation-boundary layer
feedback.

Introduction: Please highlight better the added value of this work compared to
previous studies (cited in the references) on the aerosol-radiation-boundary layer
feedback.
Response:

Previous studies are mainly focused on physical mechanism of

aerosol-radiation-boundary layer interaction, which is a case of rapid haze formation
in China. However, The chemistry of aerosol composition that influence the
interaction loop is not studied yet, the novelty of the work compared with previous
ones are well demonstrated in

introduction section. Line: 92-95.

Methods: 1. No information is provided on the inlet set up? How is the aerosol dried
prior to sampling?
Response: The ToF-ACSM equipped with a PM2.5 lens and standard vaporizer. A
PM2.5 cyclone was deployed on the rooftop with a flow rate of 3 L/ min. Aerosol was
dried though a Nafion dryer (MD-700-24F-3, PERMA PURE) before entering the
ToF-ACSM. The inlet flow was set at 1.4 cc/s. We added these introduction in revised
version. Line: 126-128.

2. A ToF-ACSM fitted with a PM 2.5 inlet was used in this study. This is still a
relatively new version of the instrument, and it merits a correct introduction. Please

state if this instrument operating with a standard vaporizer or a capture
vaporizer? .The paper referenced here “Frohlich et al., “deployed a PM1 inlet and not
a PM2.5 inlet. Please update the references.
Response: ToF-ACSM method: The time-of-flight aerosol chemical speciation
monitor (ToF-ACSM, Aerodyne Research Inc.) is used to measure the concentrations
of non-refractory (NR) components, including sulfate, nitrate, ammonium, chloride
and organics. The ACSM equipped with a PM2.5 lens and standard vaporizer. A
PM2.5 cyclone was deployed on the rooftop with a flow rate of 3 L min-1. Aerosol
was dried though a Nafion dryer (MD-700-24F-3, PERMA PURE) before entering the
ACSM. The inlet flow was set at 1.4 cc/s. The particle beam passed through the
chamber and reaches the heated porous tungsten surface (T600). There the
non-refractory PM2.5 constituents vaporized and were ionized by electrons
(Ekin=70eV, emitted by a tungsten filament). The ions were measured by detector and
the data was analyzed using the software (Tofware ver. 2.5.13) within IgorPro ver.
6.3.7.2 (Wavemetrics). The relative ionization efficiencies (RIE) for sulfate, nitrate,
ammonium, chloride and organics applied were 0.86, 1.05, 4.0, 1.5 and 1.4,
respectively. Except RIE correction, the data also did CO2+/ NO3 artifact correction
(Pieber et al., 2016) and collection efficiency (CE) correction (Middlebrook et al.,
2012).

3. What collection efficiency was applied to this data? Please show a plot of how the
total mass measured by the ACSM compared with that of the TEOM (also PM2.5),

how representative is the PM2.5 ACSM measurements of the total PM2.5.
Response: The sampled aerosol belongs to High Ammonium Nitrate Fraction during
the sampling period of Beijing. Therefore the CE correction following by these
equations (Middlebrook et al., 2012):
𝐴𝑁𝑀𝐹 =

80/62 × 𝑁𝑂3
(𝑁𝐻4 + 𝑆𝑂4 + 𝑁𝑂3 + 𝐶ℎ𝑙 + 𝑂𝑟𝑔)

where NH4 , SO4 , NO3 , Chl and Org were the measured aerosol ammonium,
sulfate, nitrate, chloride, and organic concentrations (in μg ∙ m−3).
𝐶𝐸𝑑𝑟𝑦 = 𝑚𝑎𝑥(0.45, 0.0833 + 0.9167 × 𝐴𝑁𝑀𝐹)
in which a constant CE of 0.45 is used for ANMF ≤ 0.4 and a linear CE increase up to
1 for ANMF > 0.4. We compared measurements of ACSM with TEOM as in figure
below.
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Figure R1. The relationship between PM2.5 measured by TEOM and ToF-ACSM.
4. Line 132: The authors state that they applied the correction for the m/z 44 artefact,
without showing if this instrument was influenced by this artefact, please provide the
artefact values calculated from this instrument from pure ammonium nitrate

calibrations. More recent studies (Freney et al., AST 2019)
Response:

Recently, it was discovered that NO3 induces a positive bias on organic

CO2+ concentrations in the AMS/ACSM systems, which can be described as a
function of ambient NO3 (μg/m3) in combination with the CO2+/NO3 ratio from pure
NH4NO3 measurements (CO2+/NO3)AN:
For pure NH4NO3 aerosol from calibrations, we determined the magnitude of the
CO2+/NO3 artifact(Pieber et al., 2016) and parametrized it as a function of the
fragmentation pattern of NO3(NO+/NO2+) to account for changes in the vaporizer in
the ACSM:
(CO2+/NO3)NH4NO3 = 0.025 ± 0.002 × (NO+/NO2+)NH4NO3
Then we determined the CO2 concentration from OA using a two week moving
average (NO+/NO2+) from ambient observations:
(CO2+)OA,meas = (CO2+)meas - (CO2+/NO3)NH4NO3 × (NO3)meas

5. Please also state in the text the average values as well as the range for each species
measured (for the period that concerns this study).
Response: Thanks for your suggestion. We also added the table in supporting
information.
Species

Mean

Min

Max

AWC [μg/m^3]

10.1972

0.0157

279.9762

NH3 [ppb]

8.1979

1.4475

24.2622

HOMs

6.4557*10^8

6.5261*10^7

2.7647*10^9

[molecule/cm^3]
HONO [ppb]

1.3799

0.1352

10.4820

EC [μg/m^3]

2.4212

0.5025

19.9765

OC [μg/m^3]

11.0719

1.4217

114.3976

OH

5.3011*10^5

236.2

5.2052*10^6

NO3 [μg/m^3]

15.7131

0.0310

126.8300

SO4 [μg/m^3]

5.5307

0.1951

117.5360

NH4 [μg/m^3]

6.4492

0.0913

51.4603

Cl [μg/m^3]

1.6346

0.0025

17.0581

Org [μg/m^3]

19.1311

0.6662

172.8490

PM2.5 [μg/m^3]

50.8277

0.1592

218.5980

6. Additionally data from a LTOF-CIMS is provided. This is a complex instrument,
and both the operation and the analysis of this data require a considerable amount of
work. Please provide more details on the operation of this instrument and the
subsequent analysis of the data. Unlike the ACSM used in this study, this instrument
is usually operated with a PM1 inlet rather than PM2.5.
Response: The LTOF-CIMS instrument is operated with nitrate as reagent ion. We
used total OVOC concentration calculated from calibration of sulfuric acid. The
instrument did not use any inlet cyclones. Nitrate chemical ionization atmospheric
pressure interface time-of-flight (CI-APi-TOF, Aerodyne Research, Inc.) mass

spectrometers were used to measure the concentrations of neutral sulfuric acid and
HOMs. The ambient air was drawn into the ionization source through a stainless-steel
tube with a length of ~1.6 m and a diameter of 3/4 inch at a flowrate of ~ 8 L∙min-1. A
30-40 L∙min-1 purified air flow and a 4-8 mL∙min-1 ultrahigh purity nitrogen flow
containing nitric acid were mixed together as the sheath flow, which is guided through
a PhotoIonizer (Model L9491, Hamamatsu, Japan) to produce nitrate reagent ions.
This sheath flow is then introduced into a co-axial laminar flow reactor concentric to
the sample flow. Nitrate ions are pushed to the sample flow layer by an electric field
and subsequently charge analytical molecules.
The calibration of sulfuric acid (SA) was implemented by introducing a known
amount of gaseous SA produced by the reaction of SO2 and OH radical formed by
UV photolysis of water vapor, which is similar to the method in previous literatures
(Andreas Kürten et al., 2012). Briefly, a 10 L∙min-1 N2 flow, a 100 mL∙min-1 purified
air flow, a 300 mL∙min-1 SO2 flow and a set of 20 – 400 mL∙min-1 saturated water
vapor flow were mixed together as the calibration sampling flow. This flow was
introduced into the calibration box where the water vapor was photolysed by a 184.9
nm UV light and the producing OH radicals further reacted with SO2 to form SA.
Different concentrations of SA standards were achieved by adjusting the flow of
saturated water vapor. During the calibration, the box was flushed with a 1 – 2
L∙min-1 dry N2 flow to avoid the absorption of UV light by O2 and water vapor as
well as take off the heat produced by the lamp. This N2 flow was directly fed into the
box through a small hole and left it through the small gaps between different parts.

Besides, the UV lamp was always turned on in an N2 environment at least one hour
before the actual calibration measurement in order to achieve a stable light intensity.
Theoretical concentrations of SA at the inlet were simulated by a numerical tube
model (Andreas Kürten et al., 2012). And the calibration coefficient was further
calculated from the ratio between the theoretical concentration and the normalized ion
intensity. After taking the diffusion loss of the sampling line into account, a
calibration coefficient of 6.07 × 10-9 molecule∙cm-3 was obtained.
As the structures of these newly detected HOMs are unknown, direct calibration of
using HOM standard is impossible yet. By assuming that HOM charge at their
collision frequency with nitrate ions, which is the case for H2SO4 (Viggiano, A. A. et
al., 1997), and that the (HOM∙NO3-) clusters are very stable and will not break apart
during their residence time of detection, a mass-dependent transmission method was
used to quantify their concentrations. Details of this approach is described elsewhere
(Martin Heinritzi et al., 2016). Briefly, for each instrument, the transmission
calibration measurements were performed by introducing a series of perfluorinated
acid vapors of different molecular masses with sufficient amounts to consume all the
primary ions. Then by comparing the decrease of the primary ion signals and the
increase of added perfluorinated acid signals, the relative transmission curve was
obtained. Such mass-dependency is highly influenced by the configuration and
parameters of specific instrument, especially the voltage settings. Besides, some
studies have shown that less oxygenated organic molecules with lower polarity
exhibit less charged efficiency and weaker bound with NO3- (Martin Breitenlechner

et al., 2017; Noora Hyttinen et al., 2015). Thus, the reported concentration of HOMs
in this study is generally a lower limit. And the concentration of each OOM is
calculated as follows:
−
∑1i=0(HNO3 )i NO−
3 (HOM) + (HNO3 )i (HOM − H)
[HOM] =
× C ÷ THOM
∑2i=0(HNO3 )i NO−
3

where [HOM] is the concentration of one specific HOM molecule, the numerator on
the right hand side is the sum of detected signal of that HOM, either as neutral
molecule or as de-protonated ion (HOM)-, the denominator is the sum of all measured
reagent ions, C is the calibration factor of H2SO4 and total HOM is the relative
transmission coefficient. We added more introduction in the revised version. Line:
142-149.
7. The authors need to provide comparisons of measurements between the ACSM and
the LTOFCIMS. Please provide additional details for this instrument. Was it sampling
alongside the ACSM for similar sampling periods?
Response:

The Figure

R2 shows time series of HOMs and OA measured by

LTOFCIMS and ACSM, respectively. In general, both organic compounds in particle
phase and gas phase show similar variation patterns during the same observation
periods. The details for the instruments are introduced in response 6.

Figure R2. Time series of HOMs and OA measured by LTOFCIMS and ACSM,
respectively.
8. For the OC/EC measurements, Can the authors also provide plots comparing the
OM from the sunset with that of the ToF-ACSM and to the LTOFCIMS. How do the
O/C plots compare with that of the LTOFCIMS and calculated from the ACSM with
that measured by the OC of the Sunset instrument.
Response: The Figure

R 3 shows time series of HOMs, OC and OA measured by

LTOFCIMS, Sunset OC/EC analyzer and ACSM, respectively. They showed similar
variation patterns during the same observation periods.

Figure R3. Time series of HOMs, OC and OA measured by LTOFCIMS Sunset
OC/EC analyzer and ACSM, respectively

Results and Discussion 1. Figure 5 shows data collected during high and low pollution
events. Are the differences between the high and low pollution periods significant for
all measured species? The authors could perform a significance test (e.g. Wilcoxon
rank-sum test).
Response: We use the function ranksum of MATLAB to perform Wilcoxon rank-sum
test.
p = ranksum(x,y) returns the p-value of a two-sided Wilcoxon rank sum test. ranksum
tests the null hypothesis that data in x and y are samples from continuous distributions
with equal medians, against the alternative that they are not. The test assumes that the
two samples are independent. x and y can have different lengths.
This test is equivalent to a Mann-Whitney U-test.
The result h = 1 indicates a rejection of the null hypothesis, and h = 0 indicates a
failure to reject the null hypothesis at the 5% significance level.
Example:
p = ranksum(x,y)
p = 0.0375
The p-value of 0.0375 indicates that ranksum rejects the null hypothesis of equal
medians at the default 5% significance level.
Species

p

h

AWC [μg/m^3]

5.4286*10^(-76)

1

NH3 [ppb]

1.2178*10^(-55)

1

HOMs

8.7649*10^(-42)

1

HONO [ppb]

2.1083*10^(-29)

1

EC [μg/m^3]

2.2462*10^(-61)

1

OC [μg/m^3]

2.83*10^(-82)

1

OH

6.1802^(-4)

1

NO3 [μg/m^3]

1.6328*10^(-91)

1

SO4 [μg/m^3]

6.5457*10^(-80)

1

NH4 [μg/m^3]

1.2669*10^(-91)

1

Cl [μg/m^3]

3.5606*10^(-63)

1

Org [μg/m^3]

1.2495*10^(-79)

1

PM2.5 [μg/m^3]

8.0856*10^(-113)

1

[molecule/cm^3]

2. Can the authors provide an estimation of how good these fits represent the data?
Can these fits be used in the future to estimate the variability of the aerosol
concentration over pollution/haze events?
Response: We used a linear fit between the log(x)(Org, NO3, SO4, NH4, Cl, AWC,
NH4NO3 light extinction, (NH4)2SO4 light extinction, NH4Cl light extinction, Org
light extinction and EC light extinction) and the MLH or an Exponential fit between
x(EC, HOMs, PM2.5) and the MLH. This fittings are only validated during
observation periods and for other periods, it might work.

3. In each plot there are data points (behind the box plots) that are different colors can
the authors please provide an adequate legend for this figure.
Response: The figure show the dependency of (organics (a), nitrate (b), ammonium
(c), sulfate (d), chlorine (e), element carbon (f), HOMs (g), AWC (h) and PM2.5(i) on
the MLH during polluted and less-polluted conditions. The solid cycles and hollow
cycles denotes concentrations that are more than 75 μg m−3 and less than 75 μg
m−3, respectively. We also added this information in figure caption in the revised
version.

4. Line 272: When comparing the NH4 neutralization plots were there any periods
where neutralization was not achieved that would suggest the presence of organic
nitrate. The LTOFCIMS instrument is capable of providing a good assessment of the
presence of organic nitrates.
Response: We agree with the reviewer that organic nitrates as a good assessment
indicate NH4 neutralization was not achieved. But NH4 in any periods is neutralized
in the NH4 neutralization plots, because the NH4 measured by ACSM can almost be
neutralized with the measured Cl, NO3, SO4. Actually, we don’t need organic nitrates
to prove neutralization.

5. Line 304: This is the first mention of the results of HOMS, can the authors also
provide time series of these data together with those of the ACSM.
Response: Thank you for your suggestion. This is the first time show the
concentrations of HOM measured by NO3-CI-API-TOF as mentioned by the other
reviewer. However, this study is not focused on details of HOM chemistry, the

concentration shown here is higher than a magnitude than the measurements in boreal
forest region. The concentrations showed high concentrations during haze event than
clean days and increased significantly during night time. Please see previous
responses for more information.

6. Line 315: It is mentioned that there is abundant ammonia but not mentioned if it is
measured here. However in Fig. S4 there are plots of NH3 as a function of MLH.
How were these measurements obtained?
Response: The ammonia data were measured in the same place (at the roof top of the
university building at the west campus of Beijing University of Chemical Technology).
Los Gatos Research, Inc. (LGR) trace Ammonia analyzer (TAA) can measure NH3
and H2O concentrations at atmospheric ambient levels with high precision (0.2 PPB
in 1s) and ultra-fast response (5 Hz). We added the instruments introduction in
method part. Line: 151-152.

7. Line 320 and Figure 5. It appears in this figure that during a high pollution event
the increase in SO4 is more significant than nitrate.
Response: Yes. The growth of sulfate is comparable with nitrate, or sometimes even
fast than the nitrate. However, the concentration of sulfate with nitrate is not
comparable. Nitrate shows higher concentration but the sulfate concentration is lower,
as we show in Figure 6.

8. Equally the HOMS appear to have a greater increase during polluted events
compared with organics who have a little increase. Previously, it is mentioned that the
OA decreases with low MLH. The authors should provide a detailed discussion of
HOMS and OA. Also with a simple positive matrix factorization analysis of the
ACSM data it would be possible to obtain additional information on the different
“types” of organic aerosol measured. In Figure S4 we observe the OC increasing in a
similar way to the HOMS. This could also be discussed.
Response: From Figure R 3 annd R4, we could see that both HOM and OA showed
increased or decreased patterns, as the MLH varies. We have discussion in line
331-334. We acknowledge that the comparison of HOM and OA will be extremely
interesting, and we have a another draft (to be submitted) about the relationship of
HOM molecules with organic aerosol factors from PMF. As we demonstrated in the
introduction part, the current paper is to investigate chemistry of aerosol-boundary
layer- radiation feedback, and there are a lot of interesting points waiting to be
explored in the future.
9. Were there any gas phase measurements available to help in the interpretation of
the formation of NO3?
Response: I think you mean nitrate aerosol not nitrate radical here. The formation of
nitrate aerosol The formation of nitrate is dominated by the oxidation of NO2 by
hydroxyl radical (OH) during the daytime but the heterogeneous reaction of N2O5
during the nighttime. We do not have measurements of N2O5 and gas phase nitric
acid during the campaign.

Supplementary material There are 12 plots (3 lots of four labeled images a) through d))
in Figure S2. These plots are not sufficiently and incorrectly described in the figure
caption, which refers to “different times” please indicate the times and labels (a) to (e).
There is no ‘e). Figure S3 starts at b) rather than a). Can the authors improve the
caption explanation of the figure. These emission sensitivities represent polluted
/periods of high aerosol loadings. The figures show high values coming initially from
the west and also from the south. In the figures there is little contribution from the
north east sectors. Figure S4: Only one panel is labelled with “f)”. The others nothing.
There are two representations of the sub 3 nm clusters (-dN/DlogDp and cm/1). Are
both necessary? What is the difference between the two? Figure S4: I do not believe
that any reference is made to this plot in the main text of the manuscript, nor to any
moeasurements of OH, HONO, NH3 [ppb]
Response: The figure captions have been revised. The two representations of the sub 3
nm clusters (-dN/DlogDp and cm/1) denote particles with different size and particles
with size under 3 nm, the (-dN/DlogDp) one has been removed in the revised version.
Also, the Figure S4 has been removed.

Minor comments Abstract: There is a repetition of information. Line 37 to 39 states
that as the MLH decrease the fraction of nitrate aerosol and the total mass
concentration increases. This is stated again in Line 41 where the ammonium nitrate
and aerosol water increased during low MLH.
Response: We mainly want to show that the main component of nitrate aerosols is

ammonium nitrate, after all, nitrate aerosols are not completely ammonium nitrate.

Table 1: Species instead of Specie
Response: corrected.
Line 180: Please include the reference to the previous publication here.
Response: We added references in the revised version. Line: 189.
Reference : Lin, Z. J., Tao, J., Chai, F. H., Fan, S. J., Yue, J. H., Zhu, L. H., Ho, K. F.
and Zhang, R. J.: Impact of relative humidity and particles number size distribution on
aerosol light extinction in the urban area of Guangzhou, Atmospheric Chemistry and
Physics, 13(3), 1115–1128, doi:10.5194/acp-13-1115-2013, 2013.
Line 231: I don’t believe that this acronym was correctly defined (NR-PM2.5).
Response: We added fully name in the revised version. Line: 240.
Line 249: Can the authors rephrase this sentence: Assuming that particles of different
sizes have the same chemical composition as PM2.5 (organics, NH4NO3, EC,
(NH4)2SO4, NH4Cl), the light extinction of particles in the size range of 300-700 nm
increased significantly from the relative clean period to the polluted period (namely
from 12:00 to 16:00).
Response: The light extinction efficiency of aerosol is highly dependent on aerosol
chemical

composition.

However,

size-resolved

chemical

information

from

ToF-ACSM is not available due to the instrument limitation. Therein, we assume that
particles of different sizes have the same chemical composition as PM2.5 measured in
the study

(organics, NH4NO3, EC, (NH4)2SO4, NH4Cl) in the light extinction

calculation.
Line 255: Based on the available data, it might be better to say “that based on the
observations it is likely that….
Response: corrected in the revised version. Line: 263

Line 305 to 309: This is a very long sentence, please try to rephrase.
Response:
Line 346: remove “rather” this is
Response: corrected.
Line 358: Remove brackets around AN. Also add in ‘the calculated’ light extinction.
Response:

The authors mention the presence of a PSM but no measurements are shown. The
SMPS data start at 6 nm.
Response: We added two plots about variation of sub 3 nm particle with MLH as
shown in supporting information and the responses to reviewer #2. The SMPS data
starts at 6 nm and the data has been demonstrated.

Figure 3: Since all other figures are based on 3 days of analysis please state in the
figure caption the period that this data is collected over .In the main text it is
suggested that this figure represents 6 months of data. In the caption text change “All
the date” to “All the data”

Response: The Figure 3 is based not only 3 days of data as we demonstrated in Figure
caption, it was from 6 months of calculated from non-rainy days. The figure caption
has been corrected.
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Referrer #2

This manuscript is to investigate the dependency of the aerosol number size
distribution, mass concentration and chemical composition on the daytime mixing
layer height (MLH) in urban Beijing. The valuable measurement datasets, especially
for oxygenated organic molecules (HOMs), are firstly showed during heating time in
China, according to my knowledge. These results show that the haze pollution is
rapidly formed by aerosol-chemistry-radiation feedback, which is an interesting topic.
By using measured aerosol chemical composition and Mie calculation of light
extinction, they reached aconclusion that ammonium nitrate was the dominated
compound under lowest MLH. The conclusion is reasonable considering large amount
of on-road vehicles and previous publications. Generally, the results in this
manuscript are useful to support policymakers on air pollution controls in the future.
Also, this manuscript is easy to follow and the figures are presented in proper forms.
Nevertheless, several statements are needed to be clarified. I suggest this paper could
be published after minor revisions as below.

Response: Thank you for your positive comments.
Minor comments:
1. Please clarify the differences between mixing layer height (term used in this
study) and boundary layer height.
Response: According to the definition by Holzworth 1972: Mixing layer height is
defined as the height above the surface through which relatively vigorous vertical
mixing occurs. But BL is more generally defined as part of the troposphere that is
directly influenced by the presence of the earth’s surface. We measured vertical
backscattering coefficient

by CL-51, and determined MLH according to the

variation of backscattering coefficient.
2. This work is mainly focused on particle number size distribution measurements.
A Particle Sizer Magnifier (PSM) and a Differential Mobility Particle Sizer
(DMPS) is used in the measurement, so this reviewer is wondering how is the
variation of particle number size distribution looks like under different mixing
layer height condition under haze and non-haze days? You have already showed
how are the response of aerosol chemical component with different mixing layer
height. This kind of analysis may tell us particle growth under haze and non-haze
period.
Response: The variation of particle diameter with MLH under haze and non-haze days
are shown in Figure S3. The black line in (up) is the location of 50% of the total
particle number concentration (PM2.5 >= 75 μg/m3). The black line in (down) and
The dotted line in (a) are the location of 50% of the total particle number
concentration (PM2.5 < 75 μg/m3). Only daytime conditions determined by
ceilometer CL51 from non-rainy periods (RH<95%) are considered. The particle
show a slight diameter increasing as MLH increased above 400 meters. Particles
shows larger mean diameters during polluted periods than non-polluted periods.

Figure S4 The relationship between MLH and PNSD in (a) polluted and (b)
non-polluted days. The black line in (a) is the location of 50% of the total particle
number concentration (PM2.5 >= 75 μg/m3). The black line in (b) and The dotted line
in (a) are the location of mean diameter (PM2.5 < 75 μg/m3). Only daytime
conditions determined by ceilometer CL51 from non-rainy periods (RH<95%) are
considered.

3. In your schematic picture, you show haze evolution with the daily mixing layer
height. Light extinction of dry aerosol is also assigned to different chemical
compounds, however, this information was not mentioned in figure caption, please
explain more on these two pie charts in the figure caption.
Response: Thank you for your suggestion. We have added more explanation about the
pie charts in the figures caption. ” The increased formation of secondary aerosol mass
will reduce solar radiation further and the haze formation increased, as shown in pie

charts that the light extinction fraction of aerosol changed from organic to nitrate.”
4. In page4 line 83, “. . .particles with diameters of a few hundred nm”, a given range
of the diameters with the constant will be better, if possible, please give them; please
add the references for this sentence.
Response: The sentence has been revised as: ‘In the atmosphere, the highest
contribution to aerosol light extinction comes from organic compounds, nitrate and
sulphate in particles with diameters of 100-1000 nm.’
5. In page9 line 221: “. . . increase from few ug/m3”, please change the “few” to
specific value.
Response: The sentence has been revised as ‘ 8.5 ug/m3’.
6. In page10 line 249: if the “NH4NO3” is appeared first, please give the full name.
Response: The full name has been added in line 134.

8. In page10 line 249: if the “EC” is appeared first, please give the full name, also
please check for NH4Cl.
Response: The full name of EC and others have been explained in Line 142 and Line
134.

8. In page11 lines 277-279: the English grammar tense is inconsistent in the sentence
of “We may see that in general, particles with dry diameters in the range of 300-700
nm explained more than 80% of the total aerosol light extinction (Figure 4b).”
Response: The sentence has been revised as’ We may see that in general, particles

with dry diameters in the range of 300-700 nm explains more than 80% of the total
aerosol light extinction (Figure 4b)’
9. In page 12 lines 303: the units of “ug m-3” is inconsistent with that of “ug/m3”
in page 9 line 222, make sure they are consistent in the full manuscript.
Response: The units are consistent in the revised version.
10. Figure 1 caption: explain what PM2.5 represents.
Response: The PM2.5 represents particles with aerodynamic diameter less than 2500
nm, we think this terminology is familiar with the readers.
11. Figure 2 caption: “The legends in the left side . . .”, it is “right”?
Response: Thank you for the correction, we have revised this.
12. Figure 3 caption: please explain the range for the “daytime conditions”.
Response: The daytime conditions is used during the observations with solar
radiation.

