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1. Introduction

This is aleriveddata setof cloud microphysicalnd stateparametersobtained usingn-
situ cloud probegluring theNASAObseRvations of Aerosols above CLouds anditit&ractionS
(ORACLESgId campaignGupta et al., 2021a,lRedemann et al., 202. The datawere derived
from filesuploadedto the NASA ESP&chive(ORACLES Science Team, 2@2(Gtate variables
(temperature, pressure, and dew point temperature) were retrieved flbizmerged data files
compiled by Yohei Shinozukihe latest revisions of merged files from ORACLES 2016, 2017, and
2018 were usedR36, R28, and R2®spectively.)

ThePDldata were provided by the instrument EXher cloud probedatawere processed
anduploadedto the archivebyW2 & S LIK | laQ .&fprolss§/ . ata from the2-Dimensional
Stereo Probe (203)and the High VolumePrecipitation Sampler (HVB$were processed by
Siddhant Guptausing the University of lllinois/Oklahoma Optic#lrray Probe Processing
Software (McFarquhar et al., 201@)duploaded to the archive a fptolhele. The NASA ESPO
archive alsacontains 2BS and HVR8 R (I LINRPOSaaSR o0& W2aASLIK hQ.
OAP Data Analysis (SODFAje mcrophysicslatafilesuse theUIOOPSize distributios, N(D), in
terms of droplet diameteD at 1 second resolutianThe N(D)was used tocalculatethe total
number concentrationN, effective radiusre, liquid water contentLWGQ rain rate R radar
reflectivity factorZ, extinction of liquid drops, and mean volume radius (Table 1).

Queries about the data should be directed to thespective instrument Pls and
collaboration withthe groupon the use of these data is strongly encouragaace different
applications may beneffrom different processing methodologie$here are caveats associated
with the use of theedata which are difficult to thoroughly documeriach file is ithe netCDF
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formatandy I Y $MRropHysicsP3 YYMMDDRGY OQ ¢ KSNE , , aa55 O2NNBalL
month, and date for the research fligitable2). RO indicates thdile version/revisionnumber

(starting with 0).Each file contains the followingariablesin units specifiedwithin parenthesis

and dimensionsspecifiedwithin square bracketsParameters listed belown bold fonts were
retrieveddirectly from the filesalreadyuploaded to theNASA ESPO archivéhile norrbold font

parameters are derived variables unique to this data set.

Dimensions
WiAYSQY GAYSHzibhtashinpe2 NJ S| OK ™
WoAYaQY ydzyo S Ninegéddraplel sRe distkibfition flo Maltipléaades

Parameters
WGAYSQY (HHMMSS) A Y S [time, 6]
WGAYSOSOQY ¢ A YOOOOD(MATRAB&Ete farmayf OS  WI [yme, 1]
WEEGAGdzZRSQY ! ANONI Fd fdAGdzRS o V[BieINE 1 062Q
Wt | MilcRI&iRde & ) b [time, 1]
Wi 2y 3AGdzZRSQY ¢ ANIDONI TG f 2y 3IAGdzRS [ume, 1]
WHSYLIQY {GFGAO ! ANJ ¢ SYLISNI G dzNB  Ofme,d]
WGSYLWRQY 5S¢ t2Ayid ¢ SYLISNI GdzNB [ume,/1D
WLINS & Pressfreéi(mi) A O [time, 1]
WYAY3I [2/ QY .dzt 1 € AljdzA R-wigd(@gin®NJ O2[§meSy i FNRY

Yo A Y JLoiveneltvkizebins (D) usedfor the mergeddroplet sizedistribution from
multiple probes(> Yf [bins 1]

Wo Ay yUppeter 6f size binsd) usedfor the mergeddroplet size distributiorfrom
multiple probesd > Y 0 [bins, 1]

Wo Ay YIEpoRt@fsize bingD) usedfor the mergeddroplet size distributiorfrom
multiple probes(>m) [bins, 1]

WHQ Y b dmhéedtddtionof dropsin agiven bin not normalizedcm®)  [time, bins]



wayY ¢ 2 ietlcdncemmatdri(ihtegrated over bin sizesith D> 3>m) (cnt3) [time, 1]
Wh OQY [/ f2dzR RNRLI SG O2 PpOy) i3 A 2 ytimé, 4]y (i S 3 NI
W e6MDrizzle drogconcentration(integrated overD >50 nm) (cnr3) [time, 1]

WNBE QY 9FFSOUGADI>WI RAdza 2F f Alj dzA R [tiR&R]LIA

@ / @ud Water Conteniquid water contentfor D <50 >m) (g n®) [time, 1]
Ww2 / QwatemOoriteyit(liquid watercontentfor D>50>m) (g n13) [time, 1]
W[ 2/ QY [ Alj dzAfiem thd edtiteSize@iBtybiitiS(y i) [time, 1]

WwQY wdalsujated\isirig $hdroplet mass and fall speedisr drizzle dropsp >50
>m) (mm ht) [time, 1]

Wb lAdunulationmode (0.1 <D< 3>m) aerosol concentration from theGA®
outside cloudcnt?) [time, 1]

WuQY wl RFENJ NBBFf SOGAGAGE FI OG2NJ [time, 1]

BetaQY 9 E 6f Noyliddropgki?) [time, 1]

WNIQY aSly @2tdzyY§>Wl RAdza 2F f A lj dzAtie, NE LI
2. Instrumentation

ORACLES had thriegensive Observation Period$P$ based at Walvis Bay, Namiliia
September 2016and based at Sao Tome and Prindipé&ugust 2017 an@®ctober 2018 The
NASA B3B aircraft was equipped with ksitu cloud probes whose data were used to calculate
cloud properties(Table 3) The cloud probescludeda PDI(Chuang et al., 2008a Cloud and
Aerosol SpectrometerQA$ on the Cloud, Aerosol and Precipitation Spectrometer (CAPS)
(Baumgardner et al., 20013 2D-S(Lawson et al., 2006and an HVPS3 (Lawson et al., 19987
single Cloud Droplet Prob@DP(Lance et al., 201Qyas usedduring the2016 IOP(CDPA). A
secondCDRCDPB) was addedor the 2017 and 20180Ps CDPA was replaced by a thir@DP
(CDPQ for the 2018I0P These instruments samplad(D)for droplets withD from 0.5> Yto
192n n AKiy hotwire was used to sample bulWC(King et al., 1978)The Passive Cavity
Aerosol Spectrometer Probe@R$) measuredccumulatioamodeaerosolN(D)from 0.1 to 3.0
> Yio calculateNa (Cai et al., 2013).

Theprobeswere calibrated by the manufacturers before and attez IOR. Performance
checksvere completedduring thelOPdollowingthe instrument manualso monitor instrument
performance. This includechonitoring theprobe voltages and temperatureduring flights and



passing calibration particles through ti@ABCDPsample volume to determine change the
relationshipbetween particle size and peak signal voltaBefore each flight, optical lenses of
the probes were cleaned with isopropyl. Nevesltbss, soot deposition occurred on the lenses
during flight legs through dense aerosol plumes.

Theah-H5{ ¢ | ¥Rt {filestwereused for creating this datasethe remaining
data (exceptPD) were processed using the Airborne D&eocessing and Analysis processing
package (Delene, 2011Ihe following procedures were followddr processinghe 2D-S and
HVPS3 data. dDroplets measured by theD-Sor HVPS3 with aspect ratios greater than 4 area
ratios less than 0.5 wereejected as artifactsDroplets with interlk NNRA @1 f GAYS&a  Sa
indicative of intermittently stuck diodes or drizzle breakwgre removed (Field et al., 2006).
Out-of-focus hollow particlesvere reconstructed following Korolev (20@87%upta et &, 202%).

Data files were not created for aborted flights or flights when instrument issues meant
that N(D)of high quality was not available (Tald)e CASlata were unusable before 6 September
2016 (and after7 October 2018) because of electronics issueBldata were unusable for
ORACLES 2017 and 2018 due to electrical interference which affected data transfer between the
instrument and onboard computer€DPA data were unusable for ORACLES 2016 and 2017 due
to an optical misalignment issudlevertheless more than one independent measurement of
N(D)was made for droplets witbf  p nduringreach flight (Table 2)

Differences betweedroplet measurementsvithin overlap regiongrom different probes
were exaninedto selectthe best estimatef N(D)(Gupta et al., 2021bY.he differences between
Nc and LWCfrom the probeswere determined and their statistical significance was tested using
a two-sample ttest. The full spectrum oN(D)was determined by merginie size distributions
from multiple probes.Only droplets withDF o >Y 6SNB O2yaARSNBR {2
aerosols inthe droplet size distributionsCASdata wereused to create the mergeli(D)for
ORACLES 2016AECDRPRB data for ORACLES 2017, a@®PB/CDPC data for ORACLES 2018
(Table 2. N(D)from the CASCDPB/ CDPCwas merged with that of the2S horizontathannel
with a crossover atD = 50 um, andhat of HVPS with a crossover atD= 1050 um

3. Cloud ProbébataComparisons

a. 2016 IOR CASrersusPDI

For ORACLES 20GASnd PDN(D)were availablefor droplets withDf  p n(Tablé”
2). Nc and LWCwere calculated for 16,559-Hz incloud data samples using th@ASand PDI
droplet sizedistributions In-cloud data samples were defined By> 10 cn? as measured by the
CASand PD| and LWC> 0.05 g nt as measured by the King hafre. CASand PDIdata were
compared for nine research flights between 6 and 27 September 2016 when both instruments
were operational The averag@®DIN: was 163.6t 90.3 cn?® and the averag€AS\: was 153.Gt

"NAs



72.1 cm?, where the error estimates represent the standard deviatibhe PDIN: and CASN:
were correlated withR, = 088 (Fig. ) but the averagePDIN: was significantly higher thathe
averageCAS\; (95% confidence intervals (CI8)9 to 12.4cm2 higher).

The averag@DILWCwas0.35 + 0.19 m?, and the averag€AS. WCwas0.15 + 0.09
m3. TheLWG were correlated withR, = 0.84but the averagePDILWCwas significantly higher
than the averageCA. WC(95% CIs0.19to 0.20cnm2higher). ThePDILWCand CAS. WCwere
compared with theLWGOmeasured bya King hotwire (King LWG)hich had an averagealue of
0.28+ 015 g n? for the same data sampl€Fig. 2) The averagDILWGwas significantly higher
than the average KingWC(95% Cls: 0.06 to 0.07 gmigher) while the averagEAS. WCwas
significantly lower than the average Kib@/C(95% Cls: 0.13 to 0.14 gtower).

Vertical profiles oA WG PDILWC and Kind.-WCwere compared (Fig. 3) against the
adiabaticLWC(hereafter LWGg) calculatedfor cloud profilesflown on six research flights from
the 201610P (PRFs 05, 07, 08, 09, 11, and.Ithe averageCASLWCand KingLWCwere
significantly lower than the averaddNGq (95% Cls: 0.16 to 0.17 g*rower for CAS.WCand
0.01 to 0.03 g m lower for KingLWGQ. However, the averag@DILWCwas significantly higher
than the averagee WGq (95% Cls: 0.04 to 0.06 g®righer).CAdata were usedo createthe
best estimatefilesfor ORACLES 203&#ice thePDILWCoverestimatedthe bulk andLWGg. The
use of King.WGQs advised ove€CAS W ue tobetter agreemenbetweenKingLWCand LW Gg.

b. 2017 IOR CASrersusCDPB

ForORACLES ZDICASand CDPB N(D)were availablefor droplets withDf p N Ne> Y
andLWCfrom CASand CDPBwere compared fod 3,251 tHz inrcloud samples collected during
12 research flights between 12 August and 2 September 2017 (Tallee2averageCDPB Nc
(192.3 + 122.&n73) andCDPB LWC(0.18 + 0.16y n®) were greater than the averageAS\;
(1806 + 96.5cnt3) andCASLWC(0.09 + 0.0 m®). The average KingwWC(0.21 + 0.159 m®)
was significantly greater than the avera@®PBLWQ95% Cls: 0.02 to 0.02 giigher) and the
averageCA3. W(C(95% Cls: 0.11 to 0.11 gmigher).

For the research flights flown on 30 and 31 August 2017, the aveZBdrB N (109.3 +
39.5 cn¥) and CDPB LWC(0.05 + 0.@ g m®) were 96 cr? and 0.16 g ni lower than the
corresponding averages for other flights. In comparison, the aveZag#\. (145.79 + 46.1@nr
%) andCAS.W((0.11 + 0.05 m?) for these two flights were 41 cflower and 0.02 g mhigher
than the corresponding averages for other fighThe average KingVCfor these flights@.18 +
0.10g nt®) was 0.03 g milower than the average KingwWCfor other flights. Since the relative
changes in KingWCand CAS.WCcompared to other flights were much smaller, it is unlikely the
CDPBLWCGCestimates from 30 and 31 August 2017 were accurbiterefore CASlata were used



to createbest estimatefiles for30 and 31 August 2F1(Table 2and these flights are excluded
from the comparisons below.

TheN:; and LWCfrom CDPB and CASvere compared for 11,438-Hz data samples from
10 research flights from the 201@P(Table 2)TheCDPBmore frequently sampledi. > 300 cm
3 (2536 1Hz samples) than th€AS(1623 tHz samples) and the averageDPB N: was
significantly higherd5% Cls165 to 224 cm? higher) than the averageCASN:. (Fig. 4. The
averageCDPBLWGQwas significantly higher (95% @st1 to 0.1y n2 higher) than the average
CASLWC(Fig. 4)For 75% of the samples withDPB N < 300 cr¥, CASN: and CDPB N; had
minor differences (95% CI8:84 to 5.39 cri) but the averageCDPB LWCwas still significantly
higher than the averag€EAI . W(C(95% CI0.09 to 0.10y m?®) (Fig.4).

The average KingWQ0.19 + 0.13) n13) was comparable to the avera@GdbPBLWQ0.18
+ 0.13g n13) while the averag€AI WC(0.08 + 0.065 m?®) was considerably lower thaBDPB
LWCand KingLWC(Fig.5). The CASLWGC CDPB LWGC and King-WCwere compared against
LWGd (Fig. 6Yor cloud profileslown on seven research flights from the 2017 IGRFs 01, 02,
03, 04, 07, 08, and )}0The averageéWGq was significantly greater than eadtWCbut the
differences withCAS. W(Q95% Cls: 0.17 to 0.19 g*higher) were much greater than those with
CDPBLWQ95% Cls: 0.05 to 0.07 g*higher) and KingWQ95% Cls: 0.05 to 0.07 giigher).
CDPBdata were used to characterize droplets with ®< 50mm sampled during the 201IDP
becauseCDPB LWChad better agreement withiKingLWCand LWGg compared to theCASWC

c. 2018 IOR CASsersusCDPB

For the 20180P, measurements from th€ ASand CDPBwere compared for 5,518-#Hz
in-cloud samples from six research flights when @&Swvas operational (Table 2). The average
CDPBN; (124.8 + 91.2m3) wassignificantlygreater than the averag€EAN; (106.3 + 660 cm
%) (95% ClIs15.5 to 21.5cm highern (Fig.7). The averag€DPB LWC(0.21 + 0.14g nm°) had
better agreement with the average KihgVC(0.20 + 0.1y m®) compared to the averag€AS
LWC(0.10 + 0.07g m®) (Fig. 8) CASLWGC CDPB LWGC and King_WCwere compared against
LWG4 (Fig. 9) The averagd WGg was closer to the averageDPB LWC(95% Cls: 0.04 to 0.06 g
m higher) and the average KingVC(95% Cls: 0.07 to 0.08 g3rhigher) compared to the
averageCAS.WC(95% CI: 0.18 to 0.19 g¥higher).It was hypothesized thaEDPB provided
better estimates of droplets with 3 B < 50mm compared to theCASor the first six research
flightsfrom the 2018OPR Thus,CASlata were not used to creatine best estimate files

d. 2018 IOR CDPBversusCDPC

ForORACLEX)16,all cloud probes were installed on newly designed pylons that placed
the cloudprobesdirectly underneath the wing rather than slightly ahead ofléading edgeas
commonly regarded as best practi€é@nsequently,iiere was concern that air flow into a probe



sample volume could have been affected by airflow perturbations induced by the wing,
potentially affecting the measurement ®f(D)and calculatn of Nc. To investigate this, a new
pylon wasused during ORACLES 2017 and 2018 wiéd®l the CASand CDMB slightly lower

and ahead of the leading edgetbk aircraftwing, compared to other probes.

CDPBandCDPChad differentmounting locationgelative to the aircraft winglue to the
use of a new pylon fo€DPB. The mounting locations o€DPB and CDPCwere switchedafter
10 October 20180 isolate the impact ofinstrument differencesfrom the influence ofthe
mounting locationon the CDPmeasurementsTherefore, CDBHataare compared for flights up
to 10 October and for flights after 10 Octobs¥parately During the posttampaign instrument
evaluation, it was found that the CDPs recorded similar counts for Drevdut CDPBrecorded
higher droplet counts foD < 7.5mm compared toCDRPCO h Q. NA Siyn M ThiIQOINRA Sy
2021, in prep. To minimizeristrumentrelated differencesN:” and LWC were calculated using
N(D > 7.5and comparedalong withNc and LWC

For the seven flights up to 10 October, the differences betwienaverageCDPB and
CDPCN; were statistically insignificaritut CDPCNc" was up to 12.6 crihigher thanCDPB N,
on averaggFig. 10)The average&€eDPCLWCwas up to 0.02 g rhhigher thanCDPB LWCwith
similar differences between thisvo LWC (Fig. 11)On averagethe CDPBLWCand CDPCLWC
were up to 0.01 and 0.03 g-frhigher than the buld.WC(Fig.12). Due to close agreement
between thetwo CDRLWCand bulkLWG it is unlikely the use of eith€ZDPwould significantly
impactdata quality.Data fromCDPB (mounted on the new pylon alongside tl@&ASor these
flights) were used to create thdatafiles to maintain consistency between 2017 and 2018 data.

For flights after 10 Octobe€DPCwas mounted on the new pylon alongside tGASOn
15 October, an issuwith CDPCqualifier voltages led tanomalouslyhighCDPCNc (not shown)
Therefore, data frorCDPB were usedfor the data file for 15 October-or the remaining five
flights, the averag€DPB N; wasup to 30.9 cr higher thanCDPCN.. These differences were
partly driven by droplet counts for D < 7 and the averageCDPB N* was only up to 11 cm
3 greater thanCDPCN¢* (Fig. 13)On average, th€DPBLWCwas up to 0.03 g rihigher than
the CDRPC LWCwith similar differences between theWC measurementgFig. #). Data from
CDPCwere used to create the data files for these five flighesause thenigh CDPB N (> 500
cm®) were likelyan artifact due tathe overestimation oN(D < 7.5¢ompared toCDPC(Fig. 13)

e. 2017 and 2018 IOR2D-S horizontal and vertical channel

The2D-Sis a stereo probe witha horizontal and verticathannelwhich concurrently
sampled the cloud volume. Data from the vertical channel were unusable for ORACLES 2016 due
to soot deposition on the optical lenses. Therefore, data from the horizontal channel were used
to characterizeN(D)for D > 50mm for ORACLE®16. During ORACLES 2017 and 20&&nd



LWCsampled byboth horizontal N\ and LWG;) and vertical v and LW@) channelsNyand Nv
were strongly correlated for bothOPs(Fig. 15with similarlyhigh correlations betweeh WG,

and LW (Fig.16). To maintain consistency, data from the horizontal channel were used for all
deployments despite the availability of data from the vertical charfoelORACLES 2017 and
2018.However, hisis unlikely tompact data qualitysincethesedata were highly coglated.



Tablel: List of parameters ncluded in themicrophysicsdata files

Parameters

Size distributionN(D)

BulkLiquid Water ContenttWC

Droplet concentration, N

Effective radius, re

LWC

Rain rate, R

u(D) from Rogers (1976)

Radar reflectivity factor, Z

Total extinction,b

CASCDPBICDPC NB<5 f pn
2DS: N§0 <D<1300> Y 0
HVPSY bo5 B mMon

Kinghot-wire

0O

6003 0-0
N ¢

u(D) =1.19 x 16(D/2Y [D < 40>m]
=8 x 18(D/2Y¥ [40 <D <600 >m]

= 2.01 x 19(D/2} [D > 600>m]

000

5 0 -0
¢80 -



Table2: List of PR3 research flights (PRFs) whericrophysicsdata files were created
Instrumentsthat samplked droplets with 3 < D < 50rm are listed (nstrument with best
estimate of N(D)used to create data files ig bold). Adapted from Gupta et al. (2021b).

PRF number and date Instruments
PRFO5Y16: Sep. 06 CASPDI
PRFO6Y16: Sep. 08 CASPDI
PRFO7Y16: Sep. 10 CASPDI
PRFO8Y16: Sep. 12 CASPDI
PRF0O9Y16: Sep. 14 CASPDI
PRF10Y16: Sep. 18 CASPDI
PRF11Y16: Sep. 20 CASPDI
PRF13Y16: Sep. 25 CASPDI
PRFO1Y17: Aug. 12 CASCDPB
PRFO2Y17: Aug. 13 CASCDPB
PRFO3Y17: Aug. 15 CASCDPB
PRF04Y17: Aug. 17 CASCDPB
PRFO5Y17: Aug. 18 CASCDPB
PRFO7Y17: Aug. 21 CASCDPB
PRFO8Y17: Aug. 24 CASCDPB
PRFO9Y17: Aug. 26 CASCDPB
PRF10Y17: Aug. 28 CASCDPB
PRF11Y17: Aug. 30 CASCDRPB
PRF12Y17: Aug. 31 CASCDRB
PRF13Y17: Sep. 02 CASCDPB

PRFO1Y18: Sep. 27 CASCDPB, CDPC
PRFO02Y18: Sep. 30 CASCDPB, CDPC
PRFO3Y18: Oct. 02 CASCDPB, CDPC
PRF04Y18: Oct. 03 CASCDPB, CDPC
PRFO5Y18: Oct. 05 CASCDPB, CDPC
PRFO6Y18: Oct. 07 CASCDPB, CDPC

PRFO7Y18: Oct. 10 CDPB, CDPC
PRF08Y18: Oct. 12 CDPB, CDPC
PRF09Y18: Oct. 15 CDPB, CDPC
PRF10Y18: Oct. 17 CDPB, CDPC
PRF11Y18: Oct. 19 CDPB, CDPC
PRF12Y18: Oct. 21 CDPB, CDPC

PRF13Y18: Oct. 23 CDPB, CDPC




Table3: Main parameter used, sampling frequencsneasurement range for instruments
used Adapted fromGupta et al.(2021a).

Instrument Parameter used Sampling Measurement Reference
Frequency Range

Rosemount 102 Temperature 1Hz Nominally-50° Rosemount,
to 50°C Incorporated
Rosemount MADT Pressure 1Hz Nominally 30 Rosemount,
2014 1300 mb Incorporated
EdgeTech 137 Chillec Dew Point 1Hz Nominally-40° EdgeTech
Mirror Hygrometer Temperature to 60°C Instruments
Global Positioning Latitude, 1Hz -90 to 90°
System Longitude, .
Altitude -18010180
CAS Droplet n(D) 10 Hz 0.5-50 ym Baumgardner et al.
(2001)
CDP Droplet n(D) 10 Hz 2¢ 50 um Lance et al. (2010)
2DS Droplet Images, Nominally 100 Lawson et al. (2006
asynchronous 1,280 pm
n(D)
HVPS3 Droplet Images, Nominally 150 Lawson et al. (1998
asynchronous -19,200 pm
n(D)
King Hotwire Bulk LWC 25 Hz 0.05-3gm® King et al. (1978)

PCA®P Aerosol n(D) 10 Hz 0.1-3 um Strapp et al. (1992)




Table4: List of P-3 research flights (PRFs) whericrophysicsdata files were not created
because dest-estimatefor N(D) over the entire droplet size range was not available.

PRFumber and date Notes
PRB1Y16: Aug. 30 Aborted flight
PRF02Y16: Aug. 31 CAShot working, poor quality N(D < 50Y
PRFO3Y16: Sep. 02 CAShot working, poor quality N(D < 50Yf
PRFO4Y16: Sep. 04 CASot working, poor quality N(D < 50Yf

PRF12Y16: Sep. 24 poor quality N(D > 58 Yf from 2DS
PRFO6Y17: Aug. 19 Abortedflight
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Figure5: Scatter plotdbetweenbulk LWCQwith CAS.WC (top) an€€DPB LWC(bottom) for
ORACLES 20Xach pointepresens al-Hzdatasample colored b€ DPBLWC (top) an€CAS
LWC (bottom)
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Figure6: Boxplots representing the vertical profiles(a) CAS.WC (b) CDPBLWGC and (c) King
LWQwith LWGq as function ofZy. These data represent cloud samples from cloud profiles
flown during seven research flights from 2017.



Figure7: Scatter plotdbetweenN; (top) and LWC (bottomfrom CASand CDPB duringthe first
six research flights fro@®@RACLES 20Each pointepresens al-Hzdatasample colored by
the KingLWC



