Responds to the reviewerds comment s:

We sincerely thank the reviewer for the valuable comments and suggestions concerning our
manuscr i pThe evalutiantofl cbodd mitrophysiospon aerosol interaction at the

summit of Mt. Tai, China . These comments are valuabl e an
improving our paper. The responses to reviewers are in blue. The changes are marked in red in

the revised manuscript

Reviewer 1

General canments:

This study investigates aerosmbudinteractions (ACI) using measurements from the high
mountain site of Mt. Tai in China. As limited studies of ACI exist from high altitude
measurement stations in this region, the study can potentially prestde useful data about
these complex processes to the scientific community. However, the methodologies employed
within this manuscript to investigate ACI are questionable, and lacking the necesdapytin
analysis currently associated with probing AG@ne of the most challenging topics currently
facing the climate community. A number of conclusions presented are unsupported by the data,
and rather arbitrary in nature. Numerous statements throughout the manuscript are not
persuasive or lack evidence. thermore, the manuscript is not organised very well and the
language and grammar throughout is far from the quality required for a scientific publication.
Given the large concerns associated with some of the methodologies applied, subsequent
conclusions dxwn, and the general quality of the text | recommend a major revision of the
entire manuscript before consideration for publication.

Responds:We sincerely thank you for your pertinent comments and valuable suggestions. We
haverevised our manuscript based the comments from the two reviewers. We polished the
language in the revised manuscript.

Major comments

When investigating ACl it is of crucial importance to separate the contributions of changes in
both aerosol and meteorology on any observed aulated cloud response; as performed in
other studies of ACI in the scientific literature, e.g. Malavelle et al., 2017. There does not appear
to have been any attempt to account for variations in the meteorology in this study. If any of
the analysis relatetb ACI is to remain in the manuscript, the study should include, but not
limited to, the following additional analysis:

CommentA:

A detailed description of the measurement station with regard to location of instruments and
prevailing meteorology. Avicture and/or schematic is rempd to put the results in context of

the environment in which they were measured, in particular, statistics on the height of
measurements in relation to cloud base/top.

ResponseThank you for your commentVe add two grapts (Fig. S1andFig. S2) and detailed
descriptions ofocation of instruments and prevailing meteorologgection 2.1of the revised
manuscrip{Page d.ine 28to Page 4 Line)s

AFrom 17 June to 30 July 2018, 40 cloud events in

Met eor ol ogi cal Station at summit Ib45mMs.l;Fig 81). ( Tai 6an
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Mt. Tai is the highest point in the central of No@thina Plain (NCP) and located within the transportation
channel between the NCP and the Yangtze River [@ftan et al., 2019 he altitude of Mt. Tai is close

to 1.6 km, which is close to the top of the planetary boundary layer in Central East Chinsualhyl

sited for the characteristic of particles inputting to clofitisdson, 2007)Local cloud events frequently
occurred at the summit of Mt. Tai, especially in summer shown inFig. S2, the prevailing wind
direction during this summer campaigreast wind (23.3%), southwest wind (22.8%) and south wind
(21.9%), respectively. About 85.6% of wind speed was less than 8 ®visle the monitored cloud
events in the present study was mainly influence by south wind (34.7%) and southwest wind (22%). The

arrangement of instruments was presented in Fig. S1

Map) (b) the arrangement of instruments in Shandong Taishan Meteorological Station
(http://p.weather.com.cn/2016/12/2638460.shtmhe corresponding sampling tubes were at least

1.5 m higher than the roof and at least 1.0 m away from each other to avoid the mutual interference.
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Figure S2. Wind direction and wind speed a) during the whole summer campaign at Mt. Tai, b)
without cloud events and c) during cloud events.

Due to the lack of corresponding instruments, we cannot directly get the information of cloud
base height (CBHand cloud top height. Based on the meteorological data on the ground level,
2


http://p.weather.com.cn/2016/12/2638460.shtml

the lifting condensation level (LCL) was calculated and applied to approximatea€Blibwn
in Section 2.6We added the information of CBH in Fig. @@age 6 Line 12 23):

fi2.6. Calculation of c¢cloud base height

In the present study, the estimated lifting condensation level (LCL) is applied to represent the cloud
base height (CBH) due to the lack of corresponding instruments. The calculation of LCL depends on the
meteorologia | parameters measur e dleveldataloatéenperatureSdevagointo n .

temperature, and pressure were used as input paraift@édengiakakos and Bras, 1984)
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Where pcy is the LCL pressure;E. is the LCL temperature.

During the observation period, CBH ranged from 460.3 m to 3639.1 m with the average value of 1382.5
m. As shown in Fig. 2b, the observation statwould be totally enveloped in clouds and around when
cloud events occurred. The corresponding distance between the observation point and CBH was

represented in Fig. 2b.0o
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Figure 2: The monitoring information of CP-1 and CPR-2. Including (a) Wind speed VS, m s?) and
wind direction (WD), (b) cloud based height (CBH, m) (c)relative humidity (RH, %), ambient
temperature (Ta, €) and dew point temperature (T4, €) (d) PM 25 mass concentrations (g nv)

and volumn concentration of PMb.s (10° cm® cm®) (e) sze distribution of particles (13.6763.5 nm)

and corresponding geometric mean radius (GMg) (f) size distribution of cloud droplets (25 0 & m)
and corresponding geometric mean radius (GM¢) (g) Nc and LWC of cloud droplets.

CommentB:
Isolating the role of below cloud variations in meteorology, (updraft velocity) on incloud
variations insupersaturatioand cloud microphysical properties, e.g. cloud liquid water content;
cloud droplet effective radius, cloud droplet number concentrafibere is a vast amount of
literature addressing this, e.g. Lance et al., 2004. If observations of cloud base updraft are not
available, then alternative approaches should be sought, e.g. using a cloud model in conjunction
with the incloud measurements probe sensitivity to variations in meteorology in a robust
manner.
ResponseThark you for your comment. Even thgimwe do not have the observation data of
updraft velocity, we assessed the influences of updraft velocity and topography on cloud
microphyscal properties during GR and CP2 based on the studies of Hammaéral. 2014
and Spiegett al. 012. Based on assumptions that air flow lines are parallel to the terrain and
without occurrence of sideways convergence and divergence, updraftywelasitestimated
by the horizontal wind speedijvneasured at the observation stattammer et al. (2014)
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wherreepldl esented the inclination angl eCitwhi ch was
and the summit of Mt. Tai and the horizontal distance between theinevery cloud stages
during CR1 and CP2, the transect direction of Mt. Tai was chosen based on the prevailing
wind directions. For examplas shown in Fig. S3he southweshortheast transect of Mt. Tai
was selected for CP due to the prevailing wind direction of southwest wind. For the
southwesh or t heast transect of Mt . Tai , the hori zo
summit of Mt. Tai could be obtained from the Gaoghrthas abou¥.2 km. The inclination
angle, then, could be calculateddbeabout D.6? It should be noticed that the calculated v
could be considered as the upper limit of the true updraft velocity if the flow lines would not
strictly follow the terrain Hammer et al. (2014). As shown in Table S2, the averaged values of
vyp Of different cloud stages during €Pand CF2 did not chang a lot. Even though updraft
velocity could influence cloud microphysical properties, we think it did not hinder our
discussion about GPP and CP2 due to the small differenairing the two cloud processes.
For estimating the influered of wind directiorand wind speedn Fog MonitorSpiegel
et al. (2012)alculated that the sampling efficiency (contributed by aspiration efficiendy
transmission efficienci nder st andard atmospheric condition
represeted the results itheirFig. 7. The sampling efficiency was depended on two parameters.
One is sampwhinghaing!l eq g al yvwhich idequalTdheevelatityher i s F
ratio of surrounding wind spegilo) with sampling speeflJ) of FM-120:
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Through calculatiorthe average®&y of CP-1 and CP2 was 1.@ and 1.14respectively. Thus,

we could use Fig. 7a) froi8piegel et al. (2012where R = 1.2, toestimate the sampling
efficiencyof FM-120 duringCP-1andCP2 . As can b e U6.@themspiratiomr d's
efficiencyand transmission efficiency are all close td'ius, we assumed that the influences

of topography and updraft velocity on Fog Monitor were small and could be ignored during

CP-1 and CP2 (Page 4 Line 25 to Pagd_khe 16):

Y

fiThe topography of the monitoring position could provide the vertical wind field (updraft velocity,
vyp) and further affect cloud microphysical propertfgerheggen et al., 2007Based on assumptions
that air flow lines were parallel to theritein and without occurrence of sideways convergence and
divergence, y was estimated by the topography of Mt. Tai and the horizontal wind spgedgasured
at the observation statighlammer et al., 2014)he calculation equation of was

0 OAlT

Where U represented the inclination angle which was
summit of Mt. Tai and the horizontal distance between them (Fig. S3). It should be noticed that the
calculated y, could be considered as the epgimit of the true updraft velocity if the flow lines would

not strictly follow the terraifHammer et al., 2014As shown in Table S2, the averagegduring two



focused cloud processes (@Rand CP2) studied in the present study wa82m s* and 092 m s?,
respectively,and did not change a lot. Thus, we simply assumed that the influengg @i eloud
microphysical properties for GPand CF2 was the same.

In order toestimate the sampling losses due to wind speed and wind direction, the sampling
efficiency (contributed by aspiration efficiency and transmission efficiency) was estimated based on the
study ofSpiegel et al. (2012The sampling efficiency was dependedwn parameters. One is sampling
angl)e whdi ch i s e quaJwhithds ediial to Thé \eelociiytratie@ af suirosindifRg wind

speed () with sampling speed (U) of FXI20:
0

~ Y ATIO
YN Ty
In the study ofSpiegel et al. (2012)they calculated that the sampling efficiency under standard

atmospheric conditions (p = 1013 mbar, T = 0 )
calculation, the averaged,Rf CP-1 and CP2 was 1.02nd 1.4, respectively. Thus, we could useFi

7a) fromSpiegel et al. (2012where R = 1.2, to estimate the sampling efficiency of A0 during
CPlandCP2. As can be seen, for ds = U = 11.9A and
transmission efficiency are all close to 1. Thusasgumed that the influences of topography and updraft

velocity on Fog Monitor were small and could be ignored duringl@Rd CP2.0

Table S2. Estimated updraft velocity (\p) (means £S.D.), estimated cloud base height (CBH)
(means £S.D.) and thesensitivities analysis of N to Np, CBH and wp during CP-1 and CR-2.

Viup CBH aby| g NOI(RIN PO @ MCBH(RY) POl & NO L(R%
m st m
CP-1 0.82+0.29 1017.9 £301.5 0.544(0.282p -0.1180.0018) 0.2750.0599)
CP-2 0.92 £0.36 1040.4 £260.2 0.144(0.050p 0.2160.1279) 0.868(0.116Y

aThe value o0 | & NO lpwal equal to FIiE
R? represented correlation coefficient
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The summit of Mt. Tai
A

e, (b)

Figure S3. Influence of the topography on the vertical wind field at monitoring station.
Taking (a) the southnorth transect of Mt. Tai and (b) the southwestnortheast transect
of Mt. Tai to estimate the inclination angles and updraft velocities.

CommentC:

Accounting for the role of measurement height relative to cloud base in analysis. The measured
cloud microphysical properties will be strongly dependsrthe height they are measured in
relation to clouebase. This needs to be aooted for in the datanalysis prior to drawing
conclusions regarding the role of aerosols on measured cloud properties.

ResponseThank you for yourommentWe calculated theloud base heighOBH) based on the
estimation of the lifting condensation level (LC&$ shown in the response to Comment A
Then, we applied the equation 8s( CB H) & Ol n I Rdimate the sensitivity of drop
number concentration @)to CBH. As shown in Table S€ompared with CHRL which was formed
under relatively clean condition€P-2 was more sensitive to the change of CBH. We added the
corresponding discussion fage 10 Line to Page 11 Line:6

filn addition the meteorological conditions and the topography during the monitoring period would also
affect the microphysicagiroperties of clouds. The sensitivity analysis ettNCBH and v, was estimated

by applying the equation as S{X= O& rONi, where X represented CBH and As shown in Talbe

S2, CR2 was more sensitive to the variation of meteorological paramétensipared with CHL. It was
consistent with the study McFiggans et al. (2006 hey found that the sensitivity oftb vy increased

while the sensitivity of Nto Np decreased whends 1000 # crii. In the present study, the higher values

of FIE, and FIEy of CP-1 indicated that if the same amount of aerosol particles entered the cloud, the
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size of cloud droplets in GP would decrease more than that inZF he albedo during GP would be
more susceptible to the change of aerosol particles. \tfieilkigher values of S(CBH) and gjwof CR
2 indicated that CR2 was more sensitive to the change of CBH apdlvmight cause the periodical

variations of cloud microphysical properties duringZP 0

Table S2. Estimated updraft velocity (\p) (meanstS.D.), estimated cloud base height (CBH)
(means £S.D.) and the sensitivities analysis ofdNo Np, CBH and wp during CP-1 and CPR-2.

Vup CBH aby| g NOI(RIN PO o MCBH(RY) POl & NO L(R%
m st m
CP-1 0.82+0.29 1017.9 £301.5 0.544(0.282p -0.1180.0018) 0.2750.0599)
CP-2 0.92 £0.36 1040.4 £260.2 0.144(0.050p 0.2160.1279) 0.868(0.116Y

aThe value o0 | & NO lpwal equal to FIiE
R? represented correlation coefficient

CommentD:

Accounting for the role of topography oloud droplet formation (Romakkaniemi et al., 2017).
ResponseWinds along the slope of the hill would cause upward mdtighandfurther affect
the microphysical properties of clou@@omakkaniemi et al., 201 A)Ve calculated the updraft
velocity as shown in the response of Commerari®l egimate the sensitivity of drop number
concentration () to vup (S(\p) = O I/ nO IJNasyshown in Table SZompared with CA which
was formed under relatively clean conditions-Z®Ras more sensitive to thbange of . We
added the corresponding discussioRPage 10 Line to Page 11 Line:6

filn addition,the meteorological conditions and the topography during the monitoring period would also
affect the microphysical properties of clouds. The sensitariglysis of Nto CBH and v, was estimated

by applying the equation as S{X= O& rONi, where X represented CBH and As shown in Talbe

S2, CR2 was more sensitive to the variation of meteorological parameters if compared viitht@Rs
consistent with the study McFiggans et al. (2006 hey found that the sensitivity ofitb vy increased

while the sensitivity of Nto Np decreased whends 1000 # crii. In the present study, the higher values

of FIE, and FI& of CP-1 indicated that if the same amount of aerosol particles entered the cloud, the
size of cloud droplets in CP would decrease more than that inZF he albedo during GP would be

more susceptible to the change of aerosol particles. While the higher va(€Bséf) and S(y) of CR

2 indicated that CR2 was more sensitive to the change of CBH apdlvmight cause the periodical

variations of cloud microphysical properties duringZP 0



Table S2. Estimated updraft velocity (\p) (means +£S.D.), estimatedloud base height (CBH)
(means £S.D.) and the sensitivities analysis ofdNo Np, CBH and wp during CP-1 and CPR-2.

Vup CBH aby| g NOI(RIN PO o MCBH(RY) PO & NO L(R%
m st m
CP1  0.82+0.29 1017.9+301.5 0.544(0.282p -0.11§0.0018) 0.2750.0599)
CP2  0.92+0.36 1040.4+260.2  0.144(0.050D 0.210.1279) 0.868(0.116Y

aThe value o0 | & NO lpwal equal to FIiE
R? represented correlation coefficient

Comment E:

A more robust isolation of anthropogenic pollution using eithemaiss back trajectory based
approaches such as Tunved et al., 2013, or chemical composition analysis if available.
ResponseThank you for your comment. We addée information ofinorganiccompositions

of cloudsamplesn the revised manuscrifffig. $4). During each of CRL and CP2, 12 cloud
samples were collected. As shown in Fig. 8B4, ion compositions of cloud samples during
CP-1 and CP2 were similar. 8condary inorganic species (sulfate, nitrate and ammonia) were
dominant ions in cloud. The sum of these three ions accounted for 93.39% and 90.37% of the
total measured ions for cloud samples collected durind @rd CP2. It represented that €P

1 and CP2 were influenced by anthropogenic pollutidream same sourceéPage 8 Line 17
20)We added this information in Pag§d¢ine 17-20. Wh a t 6 s hechemiel,conpositions

of cloud samples will béocused in our next paper.

fi F cloud water samples cotieed during CPL and CP2, the percentage of chemical compositions did
not change a lotHig. S4. Three dominant main anions (sulfate, nitrate and ammonia) accounted for
93.39% in CPL and 90.37%n CP-2 of the total measured ions. The high concentratfosecondary

ions in the cloud water samples indicated that clouds at Mt. Tai were dramatically influenced by

ant hropogenic emissions. 0

N
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Figure S4. The averaged inorganic chemical compositions of cloud samples collected duringCP
and CP-2. Each cloudprocess contained 12 cloud samples.



Furthermore, PM2.5 is not the appropriate measurement to separate aerosol conditions to
investigate ACI. Please use an appropriate measure of the aerosol physical properties.
Responsein Figure 3, we had already puetimformation of M. It represented that CEO and

cloud events in CR (CE20 to CE26) started with different M In the revised manuscript as
shown insection3.2, we combind PM.s and N> together to identify aerosol conditions of-CP

1 and CP2 (Page 8 Line 817).

fiTwo typical cloud processes were selected and analysed with their special characteristics. In cloud
processl (CR1, including one cloud eveiit CE-19), cloud droplets formed under a relatively stable
(wind speed < 4 mY andclean (PMsa 1 0. § Nedg 1M 2 5) cenhditionm accompanied by a

slow increase of F(Fig. 2, Fig. 3). During daytime, especially in the afternoon, the fMass
concentration dramatically increased with little change in wind speed and wintadgirecd N could

reach to about 5000 # chiFig. 3). However, the perturbation of particles did not break off the cloud,
which made CH be the longest cloud process and persist 74 hours in the present study. Quite different
from CR1, cloud procesg (CP-2) contained eight cloud events (€28 to CE26, Fig. 3) and occurred
periodically under high Pb( Fi g . 2 Sinaverage) as well an higheKFig. 3, 1694 # cnin
average) conditions. Cloud events in-ZRormed after sunset with sharp desieg of PMsand N,

and transitorily dissipated at noon accompanied with the increasegf RM T and cloud base height

(CBH) . d
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Figure 2: The monitoring information of CP-1 and CP-2. Including (a) Wind speed (WS, m3$) and
wind direction (WD), (b) cloud based height (CBH, m) (c)relative humidity (RH, %), ambient
temperature (Ta, €) and dew point temperature (Tq, €) (d) PM 2.5 mass concentrations (g 1v)

and volumn concentration of PMbg (10% cm® cm) (e) size distribution of particles (13.6763.5 nm)

and corresponding geometric mean radius (GMg) (f) size distribution of cloud droplets (25 0 & m)
and corresponding geometric mean radius (GM¢) (g) Nc and LWC of cloud droplets.
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