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Response to the Comments from Referee #2

We sincerely thank the reviewer for the valuable feedlaackthe referencabat we have used

to check our newhdeveloped algorithm and improve the quality of our manuscript as Tiwdl.

reviewed omments areaid out below initalicized fontand specific concerns have been

numbered. Our response is given in normal font.

Summary

Chen et al. use a mini Micro Pulse Lidar and ceilometer in order to document dalraages

in the boundarylayer heightat a coastallocation in Australiawhich is subjectetb maritime

and continental airmasses. They document three case studies, whicepegsentative of

distinct air mass sources, in order to understand the observed boulagarystructure. Chen

et al. supplement éhobservations with WRF simulations and dissagseof the similarities

and differences between observationsand simulations. The authors also employ sodar

observations in the lowest few hundred metres in ordgusmtify smallscalewind changes

andther role in alteringthe boundarylayer.

Overall, the manuscript presents new results in a pesaiypled region of the worldyhere

additional observations and insights of the boundary layer may help asitstrainingin

modelsimulationssomeof the well-knownissuesoverthe SouthernOcean. Yet, there are some

major problems with the manuscript in its present form whiged to be addressed

comprehensivelgrior to consideratiorfor acceptanceT heserevolvemainly aroundincorrect

(and incomplete)algorithms to properly extract the correct boundary layer height (BLH),

which is central to the whole manuscript, ardle f i ne d

6manual checking

apparent lack ofcloud screening and lidar teilometer backscatter profile removal before

BLH detection algorithms are implementedetail my comments below.

The full citations of literature (those not already cited in your manuscript) referredrmg in

comments below can be fouaitthe end of thiseview.

Major Comments

1.lines 129- 135. | dismgree strongly with the statements about the performance df th& D A 6

and

6gradi ent

met hodod

algorithms

f presenwckin e ct |
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Figure 3 indicate your algorithms as presently developed and implemardgaubt satisfacty
for detecting the BLH on partially cloudy days. Further, | do not agtte your choices or
justifications of using the IEDA for the miniMPL and the gradiewthod for the ceilometer

data. | explain why, and offer suggestions, in the paragraphsw.

Crucially, and I feel this point is glossed over in the manuscript, you cannot compltd a

via either of your methods (IEDA, gradient) in theesence of thick lovevel cloudsand

subsequent loss of lidar signal above. You do not know a priori whigthdéowlevel clouds

are above or in the BL. Also, consider the miniMPL signal in the free tropos(dimree say

1.5km) during this day shown in Figure 3b. You only see some backscsgratdlight blue

colors, well above 0 a.u.) intermittently, indtive of signal return frothese altitudes at these

ti mes. Il tés not <cl ear whet hregardlesshtee MPhaearty of d
has sufficient power to resolve a background at both dagint@ightime, whichmakes it

very useful.

The nniMPL figure (3b) suggests that all the red colors are likely clouds, given there is no
detectablesignal above. This would explain why your gradient method(white circles Figure

3b) fails at these timesofredo | or ed o6cl ouds 6, wise({e.dl&Bdons, bel i ¢
15-18 hoursi note thecloudat 1214 hours is very likely sitting at the Bap).

As for the ceilometer results, your gradient method seems to be (successfully) atbecting
base height in the present of cloud, or at least, tteximum backscatter signgladient
inside cloud, but this of course is not BLH. It agrees with the miniMPL gradigatithm

well during clearair (10-12 hours, 1518 hours).

It is not clear to me how your IEDA algorithm can work where there is zeralsipove
optically thick clouds. I can follow how it works when there are no clouds (e.g. Figlme 2).
fact, close inspection of Figure 3 (both ceilometer and miniMPL) suggests thgtaidient
method is working for both instruments (note that both agheeng cloudfreeperiods
throughout the day), whereas IEDA varies substantially during efceal periodaind based
on Figure 3, seems the less trustworthy method for either instrument. TOneegtee with
your statements on lines 1B335. | suggestiat the gradient method the best(only) oneto

usefor bothinstrumentspasedon Figure 3, during cloud-free conditions only.

As a first step to rectifying/addressing these issues, you must positively identéydtlouds
and then remove these fites before you implement either BLH algoritliespecially the 2D

image analyses IEDA) and before any subsequent analyses andt&tidtics are presented.
2
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Although | hope you are in fact doing this, you have not proeidadevidence in the text that
you are indeed removing these cloudy profiles, and | wtbatyyou are still incorporating

cloudy profiles in your results. (see also my M&@@mmen® below)

| suggest in revising Figure 3, you show these plots in logarithmic color scales. Thigveill

the reader (and this reviewer) much more confidence in where you do / do ndidaawend
ceil ometer signal above what | pembdsroftloudliy as
these plot yourself too (shade on top perhap#¥ere are numeraiexamples in the literature
which you could follow), and confirm in the text that you em@oving these cloudy profiles
prior to BLH calculation and analyses (at the least, remokaloudy profiles where optically
thick cloudis present in the BL, whicpreclude any BLHetermination).

In summary, as presented in Figure 3 and in the text, these results are likely incorréct and
strongly urge you to outline and demonstrate an adequbited removal algorithm (and
subsequent lidar backscatter profile reval) prior to BLH determination (gradient ari@DA
methods),before Figures 4 and 5 in your manuscriptcan be trusted. At present,only the

gradient method seems trustworthy and then only for periods where fevielslouds exist.
Response:

Thank you or the suggestion. We have improved the IEDA BLH detection algorithm by
applyingcloud removal and revising the process of the image conversion. We hope it can make

the algorithm clearer and more trustworthy

Cloud removal

First, we used the gliding metti@o identify clouds. According to the characteristics ofdloeid

backscattered signal (Zuev et al.,1987; Cadet et al., 2005), it can be known that the integral of

noise is close to 0, while in the area where dloaid exists, the signal integral valuelmbe a

considerable positive one. Therefore, the signal integral icldue can be very different from
that in other cloudless areas, which can help effectively distinguistidhé signal from noises.
As shown in the following figure, a filtering wilow W is presented. Wand W are the upper

and lower edges of the window respectively to integrate the echo signal in the window, i.e

C(w) = jHX (z)d:
. (1)
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= f(P(z) +v(z))z°dz :f P(z)z%dz + /fv(z)ZZdz

W, w7, , 2

e (3)

Where C(w) is the integral value of window W, and X (z) is the ranogeected signal. C(w)
value approaches 0 in a certain interval if noises exist. For clouds, the integral value C(w) will
be significantly larger than that of tlaerosols. By properly selecting the threshold C(w), the

cloudinformation can be extracted through the window integral value.

Height(km)

0.0 PRR(a.u.) 1.0
10:03 AM on 17 May, 2019

Figure. Thecloudidentification by sliding window integral algorithm window

Furthermore, in order to ensure that all clowdthin the measurement range are extracted, the
window starts to move from the ground to the maximum detected height. Every time the window
moves to a new area, the backscattered signal of the area is integrated to determine whether there
is a cloud. If ecloudis present, further calculation of the position of ¢fmud base anadloudtop

will be implemented. Next the window continues to move upward frontlthel top until the

signal ends. Because the inversionctafud information is estimated by the m@ment of the

window and the integral calculation of the signal in the window, this algorithm is called sliding
window integral algorithm. We then identify the BLH after discarding the detetdad profiles.

Improved IEDA:

Initially the gray conversion as applied to the colormapped image. We found that such
conversion depends on which channel (red, green, or blue) of the image that the user has decided

to use. However, none of the channel varies smoothly from black (0) through to white (255).

4
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Therefore,we improved the IEDA algorithm by making the conversion directly from lidar
backscatter signal to grey value4B5), in other words, producing a greyscale pseudocolour plot.
The IEDA processing stepme shown inFigure 2. We also described IEDA algorithmore

precisely in thesection 2.1.1 of theevised paper.

a.u.

2.0 1.0
El
=
=
20 1.0
[
am

0.2 | (22" TN e

(a) converted to grayscale (b) Gauss filter

color image

2.0
g
=
& 1.0
Q
s
b e |
02 d .~ ~ I N
(c¢) automatically determined (d) morphology-based (e) MBL/PBL detection
threshold image edge detection

Figure 2. The main steps of IEDA processing for PBL/MBL detection

Revised Figure 3

The revised Figure 3 below shows the BLH retrieval from ceilometer and miniMPL against
ERADS reanalysis datander cloudy conditions. For the miniMPL, the IEBAH (green line in
Figure 3a) accords better with ERARH (magenta starand providesewer variable results
compared to the gradient method (black circle in Figure 3a) as expected. For the ceilometer, th
gradient method (black circle in Figure)3m the contrary, outperforms the IEDA (green line in
Figure 3b), with the latter overestimating the BLH significantly compared to the ERAS BLH. It is
possibly because the IEDA fails to distinguish the targed and background area due to the low
SNR of the ceilometeThe gradient method, more sensitive to the signal, may be applicable for
ceil ometerds BLH det e c-powered lasescompared dopthee mmiMRLsS  w i
The discrepancyra uncertainties between the miniMPL/ceilometer and ERAS5 can be mainly
attributed to (1) the different definitions of the BLHs applied to each method (i.e., edge/gradient
detection from aerosol badcattered signal for miniMPL/ceilometer, bulk Richardseethod

for ERAD), (2) the different air masses for the spatial separation of the observing sites, (3) the
5
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coarse resolution of ERA5 and (4) the presence of the lofted laybouatlayers.Among these
causes, (1) (2) and (3) would influence our whole perindhe case of cloudy condition we
believe the presence of the clouds contributes the most, though other @@soaosto be ruled

out.

Therefore,the BLH detection under cloudy conditions remains challenépnghe miniMPL

and ceilometeeven after the cloud removal. We wouldrecommendhe BLH retrieval under
cloudfree days and specifically IEDA for the miniMPL and gradient method for thenoeier.
This conclusion is not only applicable for cloudy days, but for cloed days. More BLH
comparison, including thstatisticalanalysis for the whole observing period and specific case
study can be found in the section §lease also see oursponse to the major commentadjd

section 3.2 in the revised version.

BLH bylEDA © BLHbygradient A cloud + BLHbyERAs I09PRR ELEbyIEOA ©. Blitibygadiest 4. Coud) & ‘ERAS logPRR

1 -1.0 g a .0,1

I -7.0

Height(km)

Height(km)
o

06 12 18 24
hour of day hour of day
(a) (b)
Figure 3. BLH estimations derived
from (a) miniMPL and (bteilometer on 17 May2019 (LST)
The heights in all panels are in km AGL. The vertically aligned color bar (on a linear scale) on

the right indicates the intensity of rangerrected signal in arbitrary units (a.u.). Solid green lines

and black circles indicate the BLH estimations using IEDA and gradient method, respectively.

The magenta star indicates thén laveraged BLH resultsdm the ERAS reanalysis data. The
clouds are marked with black triangles.

2. Cloud screening. On line 1381 3 9, you state you use eda!l i dir

(1994) . I could find no reference Ratbe thehi s
discuss at length how to determine the CBH, and settle on a still conusealgignal gradient
method to determine CBH (see their Figure 2). | suspect this b®ualdequate for your work too
(especially since your BL clouds are all likely liquiak, at least, liquidcontaining, so very

bright), so if you detect a CBH in a vertical profile, ydiscard that profile from subsequent
6
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182
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analyses before determining BLH. Alternately, peed to explain what is a gliding method and
provide citations or fuldetails if it is yourown novel technique.

Quality assurance of dat a. On |l ine 140, y ou
assuranced step to identify whether the BLH
to perfectlyresolveclouds,or BLH for that matter,sol concurthatit is necessaryo check

the output of your algorithm. Homwceneetdata i f y ol
points (false positives) should be sufficiently low to be ignored (lost istatistics).What

are you actually doing at this step of manualquality assurance?/ou needto provide full

details. How do you decide yourself whether the BLH was corrgofilemented? This is

very important to understand as the rest of the manuscript howgesm adequate B4

algorithm (both IEDA and gradient) but it is unclear whah&ppening here.

Response: We have removed theloud before BLH identification. Please see theloud

r e mo past bf ouresponse to the comment 1.

As for the quality assurancie edge point for IEDA or the largest negative gradiefdr gradient

method do not always correspond to theundary layer. Thereforewhen retrieving th&LH it is
important to include in the algorithm more than one source of information (e.g. edge/gradient,
surface information, synoptic conditions, a priori infotim@) in order to minimize the
uncertainty. We developed a graphical user interface to visualize the detected BLH. Some

guidelines were adopted to perform the manual checkdraet al., 2017, i.e.:

(1) BLH detection must lie on or be very close (within2 range bins) tcan edgepoint or
aerosol gradient.

(2) BLH detection must always exist during cleky periods. However, if theloud or fog or
precipitation starts to dissipate, the detection is still allowed.

(3) BL starts developing from the ground after sunrise eievated layers shall not be selected

during early morning stage.

All the information availableare taken into account (station measurements, BLH estimations

from remotesensingnstrumens, synoptic conditions, etc.) and compared.

3. Aswritten in yourabstract (line 22), you notethat 6 t Ipaperevaluateswoal gor i t hms 0
BLH detection, but there is no statistical analysis conducted. | disculs major comment #1
above my concerenyse 6abeovuatl utalh € o suppgrtotme cdndieptior e 3
evaluating your algorithms, this is worthwhile and necessary tButoyou should perform this

for the whole campaign, once you have successfully rerolouet{ major comment #2). | also
7
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210

suggest you evaluate ERA5, and radiosondes/@ilable) againsyour observations.

Response: Thank you for thesuggestion In our revised version, we included the ERA5
reanalysis product, as an additional and straightforward check on our observations and WRF.
Unfortunately, no radiosonde was launched for this camp¥#ignhave added Figure 4, Figure 5

for statistical analysis of the whole observing period anglot#ted Figure 9, 10 and 11(now
presented as Figure 10,11 and 12 in the revised version).

BLH comparison against ERAS reanalysis data

The intercomparison 4h averaged BLHs for the miniMPL and ceilomedgainst ERA5 during

the whole observing period are presented in Figure 4. For miniMPL, an excellent concordance is
found between IEDAand ERAS derived BLHs, with a correlation coefficient of 0.78 (Figure

4a). The gradient method underestimates the BlitH largest negative bias of 0.83 km, though

its coefficient value is slightly lower (0.71 in Figure 4b). It is probably because the gradient
estimates appear to detect the largest negative gradient from the -bpttddmmilar to the
miniMPL, the ceilomegr generally provides lower BLHs compared to the ERAS5, though some
unidentified elevated aerosol layers result in a few points with much higher BLH than- ERA5
BLH. t he
(Figure 4¢

However, gradi ent met hod

0 .THedefore reo giagie mpproactEcRNAcbverBIL H s .

(Figure
Pearsonbs r =
situations over this campaign.

2 2

BLH by miniMPL's IEDA(km)

Pearson'sr= 078
Slope=0.76
n=332

Pearson's r=0.71
Slope=0.36
n=339

BLH by miniMPL's gradient method(km)

-
0 1 2 0
BLH by ERA5(km)

~
L
~

L

g
oA, °
e fiv¥se
..*'\

Pearson'r=0.50

[ =
Slope=0.49

* n=493

S % L Pearson'rzo‘ﬂ.
‘:. ®  Slope=0.48

¢ =510

BLH by ceilometer's IEDA(km)

BLH by ceilometer's gradient-method(km)

o
L ,'

0 1 2 0 1

BLH by ERA5(km) BLH by ERA5(km)

(c) (d

o
o

Figure 4. Comparison of 4h averagedBLH estimations based on different instruments and

methods against ERAS results: (a) IEDA from miniMPL (b) the gradient method from miniMPL
8
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(3) IEDA from the ceilometer and (4) the gradient method from the ceilometer. In each case, a
linear regression tbugh the origin is performedefl line) and statistics are shown: slope,

Pearsonds | inear correlation coefficient (Pec
dashed lineis a 1: 1 line.

Diurnal cycle of BLH

Considering the comparison in Figure 4 abowe, chose IEDA for miniMPL and gradient
method for ceilometer respectively to investigate the diurnal cycles of BLH (Figure 5). Generally,
the ERAS presentsmootler and higher averaged BLHs (0.714#.08 km) than those from
miniMPL (0.644.06 km) and ceiloneter (0.65#).07km). However, the diurnal cycles of BLH
from 1 haveraged miniMPL (IEDA) observations show good agreement with those from ERAS5,
especially from the early morning to 11:00 LST, with a negative bi@9@ to-0.10 km). The
miniMPL (IEDA) BLHs reached the maximum of 0.76 km at 14:00 LST while the ERA5 BLHs
peaked at 0.86 km at 15:00 LSHor comparison, tie ceilometer (gradient) shows more variable
BLHSs, as expected due to multiple sharp gradients corresponding telagatltior lofted aerogo
layers, and presentdess diurnal characteristic of MBLm@arine boundary layer)its BLH
fluctuated from 0.52 to 0.72 km in the morning and appeared to collapse immediately afterward
before growth at 19:00 LS&gain The largest difference between miniMBeilometer and
ERAS5 occurs during thé/IBL developing period (from 12:00 to 20:00 LS&hd the mean

nocturnal boundary layer are higher than 0.5 km.

15

—='7=ERAS
—#— ceilometer(gradient)
—de—miniMPL(IEDA)

BLH(km)

0.0

: : : .
0 [ 12 18 24
hour of day (LST)

Figure 5. Resulting BLH for the whole observing period withkhlaverages from miniMPL
(IEDA), ceilomete (gradient method) and ERA5. ERASStimated BLHs are shown as magenta

stars.

4. Color scales of figures. Many figures in your manuscript use the rainbow coloradadd

9
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must be avoided, because of issues for colorblind people, and also note thanitdwese
uniform color changes. The ACP website itself has good links for choosingcblettscales,
and you should also read: Crameri et al, Nat Comm (2020)
https://www.nature.com/articéés41467020-1916G7

ResponseeThank you for the ref ttmmmataéesas Weheaowe w'l
scaledor Figure 9,10 and 11(now presented as Figure 10,11and 12).

Minor Comments

1.Titl est i fneeald Y o u-pracessingdoaéterngnthe BLsheight androperties.
So you ca#tdtmedse nowyeoalr titl e, a this. Pleasecdmove t c ,

this phrase and check carefully throughout your manuscript to aktotiner instances.

ResponseWe haveemovedthepha s e-t imeal t hr oughout the manus

2.Line19:d o e s eferloeheBLD

Responseiit hei r o0 i ndicates the m&e baveclarified iy in tha | i n

revised sentence.

3.Line 25: dégenerally per fstatemeatdelativeto whatferénce o u a r
WRF? Radiosondes?

ResponseWe reanalyzed the data and revised the stateméiaasingleapproach can identify
BLH under all conditions. After comparing with the ERAS reanalysis dagayeuld suggest for
the BLH retreval under cloudree days and more specifically IEDA for the miniMPL and

gradient method for the ceilometed

4. Line 3233: | find it difficult to believe that much wet sgalt production is occurringbkeing

transported from continental Australia.

Respmse: Sor ry for t he confusion. We have rewr.i
extinction coefficient and depolarization ratio with wind speeds may be attributed to the mixture
of increasedsea salt production during the marine flow aegdional transpaed continental

aerosols from the mainland Australia 0
10
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5. Line 6364: There are now a few studies which do discuss vertical profiling of mzenosols
in the Southern Ocean region (maritime or neaastal sites) which the authargy not be
aware of. Theseiclude, but are not limited to Bohlmann et al. (ACP, 20R8denzt al. (ACP,
2021)

Response:Thank you for the suggestiowe haveaddedmore related references the revised

version, including the ones you suggested.

6.Li ne 66: the phrase O6moss$i wad aslydtif ddeernsar d e &
hard to prove this. You should simply state that lidar is effective at defRBigMBL heights

whenatmospheric conditions allow.

ResponseWe havereworded the sentences according to your advice.

7.Li ne 68: wshta ti ndtoeersf edrleenac e wi t h it s imterferer on me

much. Isuggest this phraseeeds tde removed.

ResponseWe haveremoved this phrase.

8. Line 69: only somdidars canmeasurdrace gasessuchasozone Rewordthis sentence.

Resporse: We haver e wor ded t he sentence as fAThis opt.i

and vertical resoluti on, measures the aerosol

9. Line 7374 this sentence about lack of vertical marine aerosols study repeats thad6s i
64 and can be removed. You could cite the papers | noted above, plus any otleeyou

relevant, at line$3-64

Response:Thank you for the remindekVe haveremoved the sentence in this paragraph and
included related references in the previousgeaph.

10.Line101:6 é watervapourandcloudinaddi t i onéd

ResponseWe haverevised it.

11
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11.Line 116: Il dm a bit confused here. Lewis e
you refer to the 6gradient p hinkfydu sheudollonetheh o d i
|l iterature and wuse t he I[foyWGE dsing yur ownetHod, thenu f o |
why do you cite Lewis paper? It seems Lewis et al. perform image feaalysis on the WCT
analyses (their Section 2.1). Note thae tWCT method is wedstablished and robust. See

Baars et al (ACP 2008) for a thorough description amtussioron the WCT

Response:Lewis et al (2013) indetusal a combination of the wavelet technique and image

processingWe havecorrected it.

12.Line 117: Regardinghte st at ement t hat i mage processi

affected by c¢cloudsd for determining tihe BLH.

applies to BL clouds, and indeed your own results in Figure 3 show that the pragssing
(IEDA) mehod fails in the presence of optically thick clouds, and clearly gnoesrect
results (see Major Commealbove).

Response:Yes, cloud layers impede the detection of the BLH, whatever which method was
utilized. For example, the gradient method will raksnly identify the large gradient of the low
cloudlayers as the BLH, while the IDEAerived BLH more corresponds to the top of ¢cfeud

with higher results. Waave remoedthe clou, improved the IEDA procedurand corrected the

related conclusion. Please see our response to majorroemt 1.

13.Line 120: canyou confirmwhetheryourange correct yousignal too?

Response:Yes, we haverangcorrected the signal. Figures below shows the comparison of the

raw signal and rangorrected signal.

PRR(a u)

10 raw signal (a.u)

- T . 10

. _ R

= =

% 5 oo

T £

06 12 18 24 06 12 18 24
hour of day (LST) hour of day (LST)
17 May, 2019 17 May, 2019

Figure. (a) The rangeorrected baclscattered signal and
12
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(b) the raw signal frorthe ceilometer on 17 May2019.

14Line 125: 0t he most considerable chanhgeédo d
0l argest changed6? | guidNstedourgethaisi gantf 6 camaw ©
you are performing some statistical test to confirm that the atdigfestedare infact significant.

ResponseYes, itme a n s i soi Vgenestédithe $EDA through the campaign and found it
works better thanthe gradient method, but only for miniMPL. We alsave clarified it in the

revised version.

15.Li ne 131: But you dondt show SNR on Figure
unless you add an SNR plot (which would be useful for both the ceilandt®PL).Indeed
with these color scales and linear plots, it is hard to visually detect any 'nogeyli be

mucheasierfor thereaderto do so iftheywerelogarithmicplots.

Response:Thank you for the suggestion. Wiave changethe color scale ahplotted withthe

logarithmicscales tallustrate BLH detection under a cloudy day in Figure 3.

16.Line 142: WRF is a good choice. But | would advocate you also include a reanalyses
product, such as ERA5, as an additional and straightforward check on ¥&Fyour
observations. Were radiosondes launched for this campaign? They should be inclutiea, here

if they are available. Then you can perform a statistical evaluation of both youajoFthms

in clear-air conditions.

Response:Thank you for the sugggtion.We haveincluded the ERASeanalysisdata for BLH
comparisonaccording to your suggestiotnfortunately, we di dndt have rad

availablein this campaignMore details could be found in our response to major comment 3.

17.Line 173: Given the topographvisible in Figure 1, do the CALIOP overpasses passtover
topography, which is (a) at altitude and thus (b) may distort the BLH and BL structure compared

with Cape Grim?

Response:Apologies | didi@ quite follow you with this comment. Howevehet CALIPSO
orbit was presenteth the followingfigure, when itpassed over near the Cape Grim site on
21 and 26 Jun2019.1t is cloudy on 21 Juneso only the CALIPS@ PLDR on 26 June is

13
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used for miniMPI&s PLDR comparison. | guess you may mean the CALH&@ed BLH,
but we didi@t analyze it and not sure whether it may distort the BLH and BL structure.
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Figure. The CALIPSO orbit on 21 June and 26 Ju2{&19

18.Line 175 (Section 3.1): Given my Major Comments above, | suspect this whole section needs

a rewrite aice you have correctly identified and removed cloudy profiles.

ResponselYes,we haverewritten this sectiom the revised version

199Li ne 193: Il 6m a bit confused here, i s

ResponsefFigure 6 shows the M$2_surface chariVe have corrected it.
20.Li ne 6our sitebod

215: remove

ResponseWe have removed the phrase.

21.Line 217: Do you mean 'not much cloud' or do you melmud at low altitudes'? Low
altitude BL clouds are trapped beneath the descending air mprigssure systems at times

ResponseWe meanfinot much cloud and we have clarified it a8ow cloud cover (nearly
cloudfree oronly sporadiccloud exist9o.
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22.Li ne 218: On the phrase 6écold air ouybreak
reading of your analysis charisthe last chart shows warm prefrontal NW flow over Cape Grim.

Further, a cold air outbreak (CAO) has a specific meaning, see e.g. Geerts et al. BAMS, 2022

Response:Thank youfor pointing thisout From the last chart, a cofdont is approaching
our site on 27 June. It undercut the displaced warm air, disrupt the stability and lead to the
temperature drop in the next several days. But it occurred after 27 June, we have removed the

phrase oficold air outbread

23.Line 220: hange Onortheasternd to O6northeasterly
there are many occasions where this needs to be changed, for varying wind directions.

ResponseWe havechecked the whole manuscript and corrected all the related phtamgthe

wind directions.

24.Line 222223 this sentence makes no sense. Reword.

ResponseWe haveremoved the sentence.

25.Li ne 239: | cannot detect any O6drastic spee

ResponseWe have replotted the wind vectofFor the revised wind vector &0 June 2019,

the wind direction shifted to southerly with height at 09:00 LST. Then it slightly varied
between 16®o0 180 (SE to S) in the next three hours. It shifted to the SE completely at all
heights from 12:00 LST and maintained the SE in theradter. At night it varied back to the
southern direction. For the wind speed, it increases with the height, ranging drastically from
2.2 m/s up to 15.1 m/s from 00:00 to 09:00 LST. After 09:00 the wind speed varied more
leisurely with the height from 1.6 .7 m/s until 13:00 LST. Therefore, the changed wind
speed and shifted direction from 09:00 LST could indicate the onset of MBL development.
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Figure 10c and 10dWind direction and wind speed on 20 June, 2048re details could be

found in the sectioB3.2.

26.Line 240: it would be really preferable (and easier for readers and this reviewer) to show a
horizontal vector wind plot rather than two separate zonal & meridional contours, since you
discuss e.g. southeasterly winds (line 240). It is hard for msatte piece together what a

southeasterly wind would look like in zonal and meridional components, without interrupting the

flow of the manuscript. Make it as easy as possible for readers to understand your message.

Response:We havere-plotted the wind iformation in Figure 9,10 and 1(how presented as

Figure 10,11 and 12 the revised version.
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409  Figure 10. An example illustrating the retrieval of BLH using the lidar measurements obtained
410  on 20 June 2019 over the Cape Grim observatory. The hémgalispanels are in km AGL. (a):

411  The normalized lidar backscattered signal using the miniMPL. The vertically aligned color bar
412  (on a linear scale) on the right indicates the intensity in arbitrary units (a.u.). (b) Black lines
413  gray lines, blue lines angreen lines indicate the 2@in averaged BLH estimations from the
414  miniMPL (IEDA), miniMPL (gradien}j, ceilometer (IEDA) and ceilometer (gradienj,

415  respectively. The magenta star and red circles indicate -théBlIH results from the ERAS

416  reanalysis and WRF med (c): wind directiorf{) and (d): wind speed (m/s) from sodar.
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418 Figure 11 The same as Figufe except showing results from 23 June 2019.
419

420
421 Figure 12 The same as Figut® except showing results fron¥ ZJune 2019.
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