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Abstract. Water vapor measurements of riditude cirrus clouds, obtained by the WALES (WAter vapor Lidar
Experiment in Space) lidar system during the Matitude Cirrus (ML=Cirrus) airborne cangign, that took place in spring

of 2014 over central Europe and the NE Atlantic Ocean, are combined with model temperatures from the European Centre
for MediumRange Weather Forecasts (ECMWF) and analysed. Our main focus is to derive the distributeanpamell t
evolution of humidity with respect to ice within cirrus clouds and in their adjacent-tleadiir. We find that 34.1 % of-n

cloud data points are supersaturated with respect to ice. Supersaturation is also detected in 6.8 % offtthe diud
points. When the probability density of the Relative Humidity over ice (RHi) is calculated with respect to temperatare for th
in-cloud data points from the MCirrus dataset there are two peaks. One around 225 K and close to saturation,1R6li

% anda second one at colder temperatures around 215 K in subsaturation9R%. These two regions seem to represent

two cirrus cloud categories: -gitu formed and liquiebrigin. Regarding their vertical structure, most clouds have higher
supersaturationslose to the cloudop and become subsaturated near the cloud bottom. Finally, we find that the vertical
structure of RHi within the clouds is also indicative of their life stage. RHi skewness tends to go from positive to negative
values as the cloud ageBHi modes are close to saturation in young clouds, supersaturated in mature clouds and

subsaturated in dissipating clouds.

1 Introduction

Cirrus clouds greatly affect the Earthés cl i mManabeandst en
Strickler, 1964; Cox, 1971; Ramanathan et al., 1983; Liou, 1986; Stephens et al., 1990; Chen et al., 2000; Gasparini et al
2018) Despite that, the exact effects atdl aot certain(IPCC, 2007, 2013)Typically, they are considered to have a net
warming effect(Chen et al., 200Q)ut this can differ between clouds with varyin@uacteristicgJoos et al., 2014; Kramer

et al., 2020) The radiative effects of mikhtitude cirrus clouds strongly depend on their mibgegical properties, such as

ice crystal shape, size and concentrafdrephens et al., 1990; Haag and Karcher, 2004; Fusina et al., 2480at) are in

turn largely determined by their initial freezing mechanisrd ambient conditions (e.g. temperature, available aerosol,
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turbulence)Heymsfield, 1977; Khvorostyanov and Sassen, 1998; Karcher and Lohmann, 2003; Seifert et al., 2004; Gensch
et al., 2008; Kramer et al., 2016; Luebke et al., 20@)delling of these smakcale microphysical process&égor which

much still remais unknow® proves to be a challeng@Burkhardt, 2012; Kéarcher, 2017)hus, most models use
parametrizations and approximations, leading to inactsan the prediction of cirrus clouds, their radiative effects and
interactions with aerosol@Kéarcher et al., 2006; Liu and Penner, 2005; Phillips et al., 20D08)improve the model
predictions and bable to determine with greater precision the effects thatlatittide cirrus clouds have on the climate, a
better understanding of the miermacrophysical and optical properties of these clouds is negtiat et al., 2003; Di
Girolamo et al., 2009; Grol et al., 2014)

Measurementsf cirrus cloudscan be conducted either-&itu or with remote sensing instruments, such as LIDAR. For
in-situ measurements the instrumeats aircraftbound and flown througlthe cirrus clouds. With this methospecific
clouds can be selected ampdrts of the cloud in different evolutionary stages can be measAretbwnside is that
measurements can be conductady at one selected flight lel at a time Thus, insitu measurements do not provide
information about the vertical structure of the clouddar measurementan the other hand have the advantagerofiding
a 2D curtainof the measured clouds, giving information also onrthertical structure. Lidainstrumentscanbe ground
based, airborne or satellitwund. Grounébased lidaare capable of measuring cirrus cloudth great spatial and temporal
resolution(Comstock et al., 2002, 20Q4)ut theylack versatility Groundbased lidaican only measure clouds that happen
to pass over them at one locatidinis way the collected data can be used for statistical analysis, rather than case studies, as
the measred clouds cannot be chosen anid uncertain which parts of the clouds and at which evolutionary stages will
overpass the lidarSatellite remote sensing with lidalso provides2D measurements of cirrus clouds, but tHagk
accuracy, compared to tlether methods, because of the distance between instrument and cloodnaodly measure
clouds along theiflight tracks. Finally, d@rborne lidar measurements are the most versatile and accspatsfic clouds can
be selectedand the measurements da@ conducted in such a way that many different parts and evolutionary stages of the
cloud are measuret@hat way, thevertical structure can be measufeddifferent stages of the | o Uifd-éysle.

Various lidar measurement techniques have been deagtlofth a multitude of applications, capable of measuring
polarization, temperature, windspeed, backscatter and others. The High Spectral Resolution Lidar (HSRL) technique, filters
out the molecular backscatter and provides the aerosol backscatter, withcloluds are identified. Differential Absorption
Lidar (DIAL) systems use laser frequencies on and off absorption lines of gases, such as water vapor in order to determin
their mixing ratio with great vertical and temporal resolution, especially whibarag(Ehret et al., 1993; Bosenberg, 1998;
Browell et al., 1998; Chen et al., 2002; Grof3 et al., 2014)

Both in-situ and airborne lidar measurements fue problem of needing to reach very high altitudes. Few research
aircraft are capable of reaching these altitudes to perform measurd@esfiset al., 2014)The German research aircraft
HALO (High Altitude and LOng range(Krautstrunk and Giez, 2013yovides a platform that is capable of reaching the
altitudes needed in order to successfully measure cirrus c{@rd8 et al., 2014)During the ML-Cirrus campaign, which
took place over central Europe and the Northeast Atlantic in spfiag@14 (Voigt et al., 2017)HALO was equipped with
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the Differential Absorption (DIAL) and High Spectral Resolution (HSRL) lidar system, WA(WEiBh et al., 2009) By
combining bothtechniques, WALES provides high temporal and spatial resolution curtains of the optical properties of
clouds and collocated water vapor measurements. Here we combine the water vapor measurements taken by WALES durir
the ML-Cirrus campaign with model temagures from ECMWF and calculate the relative humidity over ice (RHi) for these
clouds.

Our goals are to study the distribution of humidity with respect to ice within and in the vicinity datitudie cirrus
clouds, determine the vertical structureRHi within them and its temporal evolution and also to investigate the differences
between clouds with different formation processes. The questions we want to answer are: Is supersaturation detected i
cirrus clouds and the cloud free air at the #aiitudes? How is it distributed and what values does it reach? What is the
vertical structure of RHi within these clouds? What cloud regions can be determined by the vertical distribution? How does

the formation process affect the relative humidity? How doesdlative humidity change during the life cycle of a cloud?

2 Data & Method

2.1 ML -Cirrus Campaign — 140

In March and April of 2014, the MACirrus campaign took L 130

place. Main objective of this campaign was to study t g5y

. . . — . - 120
microphysical, macrophysical, radiative andptical

properties of natural and anthropogenic cirrus clouds o - 110

50°N <
the midlatitudes. For this, the High Altitude and Long %
100
Range Research aircraft HALO was used. It was equip 5o
with in-situ as well as remote sensing instruments & 90
performed research flhts over Central Europe and the N AR
80
Atlantic. More details about this campaign can be found
Voigt et al. (2017) 70
10°W 0° 10°E
Figure 1: Lidar Legs of the research flights conducted during th
2.2 WALES System ML -Cirrus campaign. The colour scale represents the mean R

of the vertical column from cloud base to cloud top. The whit
colour represents columns for which the mean RHi is 70 % «
less, or regions where no ice clouds where measured along

WALES lidar system. WALES is a higipectral flight track.
resolution (HSRL) and differential absorption (DIAL) lidéEsselborn et al., 2008; Wirth et al., 200®) provides 2D

measurementsf extinction coefficient, backscatter coefficient, aerosol depolarization and water vapor mixing ratio. In this

One of the instruments onboard the HALO aircraft was i

study we use data taken by the WALES system during ten missions of t@rkik campaign (Figure 1). We focus on the
water vapor mixing rationeasured with the DIAL technique. These measurements have been found to be accurate and

suitable for the study of ice cloud&rof3 et al. (2014)used water vapor measurements from WALES and found a good
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agreement with isitu measurement&iemle et al. (2008kstimated the statistical error of the water vapor retrieval to be
about 5 %, although the exaddlue is dependent on various parameters that differ for individual measurements. Errors that
arise due to the high spatial inhomogeneity of the backscatter within cirrus clouds are kept below 5 % by filtering. Finally,
the RayleighDoppler effect is cormted in the retrieval algorithm, leaving an error of less than (&6 et al., 2014)in

100 depth description, technical characteristics and accuracy of WALES can be found in the abovementioned references.

2.3 Cirrus Classification

A classification of cirrus clouds, based on their formation meshaaind microphysical properties was presentedriyner

et al. (2016)and alsoLuebke et al. (2016)They distinguish between two types of cirrus. The first tigo@-situ origin

cirrus, which form directly as ice. The second tygpéquid-origin cirrus. They originate from mixed phase clouds, whose
105 liquid droplets freeze latest when they reach colgugh temperatures (< 235 K). In our study we use the same classification

and group our clouds based on-t#&ur backwards trajectories. They are calculated with wind data from the ECMWF

reanalysis dataset ERiAInterim (ECMWF, 2011) For vertical transport, diabatic heating rates are used with the trajectory

module of the Chemical Lagrangian Model of the Stratosphere (CL&MSKenna et al.2002) For some lidar legs igitu

as well as liquiebrigin clouds where measured during one flight. Furthermore, some clouds hagian layer-most

110 commonly the top layeland a liquidorigin part. In these cases, the data set was split andegt@geordingly.

2.4 Methodology

The Relative Humidity over ice (RHi) largely controls the formation and nucleation mechanism of cirrus clouds which in
turn has a great effect on their characteriqtitsymsfield and Miloshevich, 1995; Comskoet al., 2002; Haag et al., 2003;
Kramer et al., 2009; Sakai et al., 201Bpsed on that we choose RHi as our main parameter in this $ilelgalculate RHi

115 from the retrieved water vapor mixing ratio and model temperature from EC{@a#elborn et al., 2008)Ve use equations
from Huang, (2018Yor the calculation of the saturation vapor pressures of water and sienilar method has also been
applied by GroRR et al. (2014and Urbanek et al. (2018)arof3 et al(2014) compared the model temperature withsitu
measurements and found that ECMWF temperature data induces an error of about 10 to 15 % in the calculated RHi. Despit
that, they concluded that the ECMWF model temperature is suitable for the study of cirrusatlthemidlatitudes

120 In the next step we construct and apply a cloud mask, in order to separate the cirrus clouds andftee @iowatound
them. We set tlasholds for the backscatter ratio (BSparticlelinear depolarization ratid®LDR), temperature and altitude
of each data point (Table IGrol3 et al. (2014andUrbanek et al(2018)find that a wide range of BStalues can be used
as a threshold between-déoud and cloudree data pointsThey chose a BSR threshold of 2 and 4, respectively. From our
own analysis we find the optimal BSR to be 3. iR threshold is selected at 20 %, as this is indicative ofigstals

125 (Gobbi, 1998; Chen et al., 2002; Comstock et al., 2004g temperature of 235 K the threshold below which 4situ
cirrus clouds forn{Strém et al., 2003; Karcher and Seifert, 2016; Kramer et al., 2016; Gasparini et al., 2018; Urbanek et al.,
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2018) The cloudfree datain the vicinity of the cirrus cloudsre the data poinfsom the whole lidar leg curtaiafter the
detected cloudare removedWe choose to only keep data points with an altitude higher than &kne only want areas
where ice crystals would most probably be able to f8tnom et al., 2003; Comstock et al., 2004; Gasparini et al., 2018;
Karcher, 2017)We consider the vicinity around cigwclouds as a maximum horizontal distance of RBOfrom the cloud
edges and altitudes fromkih to 12 km as we mostly detect cirrus clouds in this range.

Table 1: Thresholds of the cloudmask

In-Cloud Cloud-free

BSR 03 <3
PLDR 020 % <20%
Temperature <235K -
Height - >7 km

Finally, as a means to get some insight on the microphysics of the clouds and the ice nucleation processes, we calcula
thresholds for heterogeneous nucleation (HET), homogeneous nucleation (HOM) and water sétutetioek et al., 2017,

their Table 1, and original formulations from Kramer et al., 20T8f water saturation threshold is the liditovewhich

water droplets can form in addition to ice crystatssitu HOM nucleation occurshven supercooled solution droplets (SSP)

are lifted up to altitudes with very low temperatures (<235R¢y. HET nucleation to take place, ice nucleating particles
(INP) are needed. Different INP have different freezing thresholds. We specify a high ltheestha low threshold. For the

high threshold we consider INP which are inefficient for ice formation such as coated soot and for the low threshold we
consider the INP to be mineral dust which is more efficient as an INP and more ab{Erdapacher and Klett, 1997;
Karcher and Lohmann, 2003; Gensch et al., 2008; Hoose and Mdhler, 2012; Cziczo et al., 2013; Kramer et al., 2016;
Ansmann et al., 2019)

3 Results
3.1 Overview

In Table 2, we present the most common values of the RHi distributions (RHi modes) and supersaturation percentages insid
the cirrus clouds and in the clofigte air around them for the whole data set, thsitinand the liquiebrigin clouds. In order
to gd a more detailed insight in the supersaturation we define three bins of RHi,i 10 %, 120 %140 % and> 140 %.
RHi 120 % and 140 % can be considered approximate thresholds for HET and HOM respg@aioplgt al., 2000; Haag et
al., 2003; Comstock et al., 2004; Khvorostyanov and Curry, 2009; Karcher, 2012)
The frequency distribution of RHi for the-gloud data points of the whole data bas a mode value of 96 %. Around
34 % of the iacloud data points are supersaturated with respect to ice. 30.3 % have RHi up to 120 %, 3.3 % have RHi
between 120 % and 140 % and 0.5 % have RHi higher than 140 %. For thdreloddta points the frequgndistribution



of RHi has a mode value of 68 %. 6.8 % of the clireg@ data points are supersaturated. 5.7 % have RHi between 100 %
155 and 120 %, 1 % is in the range 120 % to 140 % and 0.2 % have RHi higher than 140 %.

Table 2: Results from the analysis oftte probability density functions (PDF) of RHi. RHi mode: most common value of

dataset.
In cloud Cloudfree air adjacent to
All clouds In-situ Liquid-origin All clouds In-situ Liquid-origin
# of data points 3,204,381 1,110,675 2,093,857 2,762,080 948,638 1,813,300
RHi mode [%)] 96 96 96 68 56 84
RHi PDF [%)]
0100 % 34.1 30.8 36 6.8 5.7 7.5
RHi PDF [%)]
100 %- 120 % 30.3 26.8 32.3 5.7 4.5 6.3
120 %- 140 % 3.3 3.4 3.3 1 1.1 1
0140 % 0.5 0.6 0.5 0.2 0.2 0.2
100 10°
200 in-cloud 200 cloud-free
10!
107 9125
Z 100
1072
1072
25
= 103
gOS 210 215 220 225 230 235 905 o '210' ST ’ 250 E_r,‘ o ‘i'j\oﬁ T '235
Temperature [K] Temperature [K]
+ liquid water saturation —=- HOM nucleation threshold ~ ----- HET nucleation high threshold —— HET nucleation low threshold —— lice saturation

160 Figure 2: Probability densities of the Relative Humidity over Ice (RHi) with respect to ambient temperature. Left: Calculated for
the in-cloud data points. Right: Calculated for the cloudfree data points. The bin sizes are 0.5 K and 1 %RHi. The gray line
depicts the ice saturation threshold at RHi = 100 %. The solid black line is the low threshold for heterogeneous nucleatibitT).
The ice nucleating particle (INP) for this threshold corresponds to mineral dust, which is efficient as anitiator of ice formation.
The dashed line represents the high threshold for HET nucleation. Here the INP corresponds to coated soot which is not attida

165 as easy as mineral dust. The dalashed line indicates the threshold at which homogeneous nucleati(HOM) can take place.
During HOM, ice crystals form without the need of INP. The dotted line is the supercooled liquid water saturation line.

Aiming to gain a more detailed view into the characteristics of RHi and get an insight on the nucleationsmesclvarplot

the probability density of RHi with respect to the ambient temperature, accompanied by the ice and water ¢blusation

2018)lines, low/high HET(Gensch et al.2008 as shown in Figure 4 of Kramer et al., 20416 the HOM(Koop et al.,
170 2000 as shown in Figure 4 of Kramer et al., 20g)ime (Figure 2). The inloud data points reach temperatures down t
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207 K and are most frequently detected close to ice saturation (RHi = 100 %) for the entire temperature range. Their
distribution is bimodal: One peak can be seen between 210 K and 225 K and close to ice saturation, and a second one arou
215 K and belw saturation at RHi around 90 %. An increase in supersaturated points can be seen for temperatures betweel
215 K and 225 K. Regarding the nucleation processes, most of the supersaturated data points are in the HET regime, with tt
highest probabilities cke to the low HET threshold. The probability density drops significantly above the high HET
threshold. Very few data points are found above the HOM threshold. Finally, there is also a very small probability of
detection over the water saturation threshaldich probably stems from the uncertainties in the water vapor measurements,
the model temperatures or both.

The majorityof the cloudfree data points are detected below the lower threshold for HET nucleation. Some data points
reach up to the high HET threshold. The probability for detection up to the high HET threshold is higher for colder
temperatures. The probability dita points exceeding the high HET and HOM thresholds is very low. A peak of the
probability density can be seen around 220 K and relative humidities close to zero, forming a coma shape. This feature i
detected in many cases and is indicative of air esmggth various temperatures and a constant water vapor mixing ratio

around 1.5ppmv, which is the minimum value observed in

the upper troposphef&ramer et al., 2009)r datapoints o — Cloud Top
measured in the stratosphere. 10 - —
=3 [
In Figure 3, we present the vertical distribution of R} g 205
30 —
within the midlatitude cirrus clouds in our data set. rF £ 1) —
= s
each cloud the keloud data points are divided in fou 2 5g =
(4]
groups based on their RHi value. The four grou § 60w
. i RHi
represent the subsaturated, low HET, high HET and H(g ;g__l' - >14c')%
regimes. The cloutbase and cloutbp are determined anc © ' 120%-140%
90 - 100%-120%
the relative location of every dataipbwith respect to = jqq F=——___________ Cloud Bottom ™ <100%

cloud top is calculated in bins of 10 % distance betwe 0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035
Probability Density

top and base. From the cloud top up to 20 % cloud dejgre 3: Probability densities of RHi in relative location to clouc

high supersaturations with RHi values above 140 % top. RHi valugs of incloud da_ta points are_grouped into fou
groups approximately representing subsaturation (darkgrey), low

most frequent. From the P0to the 40" percentile, the HET regime (grey), high HET regime (orange) and HOM regim
L . . (blue). For every group the probability density in bins witt
dominating goup is supersaturations between 120 % &rggpect to relative location to cloud top is plotted. Example: tt
140 %. From the 40to the 60" percentile (midway bin from the 20" to the 30" percentile contains the prdability of
occurrence of the four RHi groups in a slice of the cloud locatt

between cloudop and bottom) supersaturations of up 20 % to 30 % of the distance between cloud top and cloud base.

120 % are most frequent. From 60 % cloud depth and until the cloud bottom mostly subsaturated date pletested. In
summary, high supersaturations are detected at cloud top and lower supersaturations gradually become dominant towards t

middle of the clouds. From around the Apidint of the clouds and until the cloud bottom most data pointsugsatrated.



For around 20 % of the cases the uppermost layer has lower supersaturation than deeper layerssutistevated (not
205 shown).
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200 in-cloud 2000 cloud-free
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Figure 4: PDFs of RHi with respect to ambient temperature. Top Left: insitu in-cloud data points. Top Right: in-situ cloud-free
data points. Bottom Left: liquid-origin in-cloud data points. Bottom Right: liquid-origin cloud-free data points. In detall
explanation see Figure 2.

210 3.2Comparison of in-situ and liquid-origin clouds

The frequency ditribution of RHi for the irsitu formed cirrus clouds has a 96 % RHi mode value (Table 1). Around 31 %

of the data points are supersaturated with respect to ice. 26.8 % have low supersaturation, RHi up to 120 %, 3.4 % have Rt

values between 120 % and 120 and 0.6 % have high supersaturations with RHi being above 140 %. The frequency

distribution for the liquidorigin clouds also has a mode value of 96 %. Supersaturation has an occurrence frequency of 36
215 %, which is higher than for the-gitu clouds. 338 % of the incloud data points have low supersaturations, RHR0 %,

3.3 % have RHi values between 120 % and 140 % and 0.5 % have higher supersaturations with RHi exceeding 140 %.

The ambient conditions at which-gitu and liquidorigin clouds form are different. This leads to differences in the
distribution of RHi inside the clouds as well as in their surrounding elme air. Although cloudree air cannot be
classified as irsitu or liquid-origin we use the terms4situ and liquidorigin cloudfree for simplicity to describe the air

220 adjacent to irsitu and liquid origin clouds respectively. For the clofr@e data points in the vicinity of isitu clouds the
mode of the fregency distribution of RHi is 56 %. Supersaturation occurs for 5.7 % of the data points. 4.5 %, have RHi

8
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between 100 % and 120 %, 1.1 % have RHi values from 120 % to 140 % and finally 0.2 % have high supersaturations with
RHi higher than 140 %. The frequendigtribution of RHi for clouefree data points around liquiatigin clouds has a higher

mode at 84 %. Supersaturation has an occurrence of 7.5 %. 6.3 % in the low supersaturation regime, RHi up to 120 %, 1 ¢
between for RHi between 120 % and 140 % and®!gher than 140 %.

In Figure 4, we plot the taloud and cloudree frequency distributions of RHi with respect to ambient temperature for
both cloud groups. ksitu cirrus clouds are more frequently measured at temperatures below 225 K. The ped&dsaoa
temperature around 217 K and an RHi of 90 %. Most data points are below the low HET threshold, but can also reach the
high threshold. The liquidrigin clouds are mostly measured in warmer environments, above 215 K. Most data points are
close tosaturation. The peak can be located around a temperature of 225 K and an RHi of 100 %. The probability density is
significant up to the high HET threshold, mostly at around 220 K. The two peaks detected in Figure 2, seem to correspond tc
the two cloud typs.

The cloudfree data points around-Bitu clouds are mostly subsaturated and reach temperature as low as 208 K. The
few data points with an RHi above 100 % are detected for temperatures below 220 K, reaching up almost to the high HET
threshold, although peak to higher RHi is also located at around 228 K. The dteeddata points in the vicinity of liquid
origin cirrus clouds are mostly measured in warmer temperatures, above 215 K. Low supersaturations, below the low HET
threshold are detected on adeitemperature range, 214285 K. The coma shape seen in Figure 2 is also present in the

cloud-free distributions of both cloud groups.

o e —— Cloud Top 3 S — Cloud Top
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o 40 o 40—
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100 m—— . Cloud Bottom ™= <100% 100 T—— Cloud Bottorn ™™ <100%
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.000 0.005 0.010 0.015 0.020 0.025 0.030
Probability Density Probability Density

Figure 5: Probability densities of RHi in relative location to cloud top. Left: insitu clouds. Right: Liquid-origin clouds. For in-
detail description see Figure 3.

In Figure 5 we present the vertical distribution of RHi fositu and liquidorigin cirrus clouds, following the same method
as in Figure 3. Both cloud types seem to have a sirdikribution of RHi as the one described in Section 3a. High
supersaturations around cloud top getting lower towards cloud middle and then subsaturated until cloud base. Despite

following this general form each group has individual characteristics. Fan-8i1 clouds the cloud base is dominated by
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data points with low supersaturationd 20 % rather than subsaturated points. Subsaturated data points become the dominant
group below cloud middle and down to thé"gercentile of cloud depth. Above theoet middle the distribution follows

the general form. Liquigrigin clouds follow the general vertical distribution from cloud base and up to thpet@entile.

The cloud topd down to the 1B percentile of cloud depéh is most frequently populated bytdapoints with RHi values

lower than the deeper parts of the cloud.

3.3 Case Studiesf Temporal Evolution

We choose two special cases, so as to study the temporal evolution of cirrus clouds and more specifically the changes in Rt

through various stageso t he c¢cl oudds | i feti me.

3.3.1 Mesoscale Convective System

Figure 6: Backscatter Ratio (BSR) measured by WALES Lidar at 532nm (colecoded). Two lidar legs performed during Mission

6 of the ML-Cirrus campaign on 29/03/2014 over th West Mediterranean, depicting a mesoscale convective system. P1 contains
two towering convective cells. P2 contains the main convective cell. P3: depicts the outflow of the system. The white regibns
cloud top are a result of saturation of the detectarThe clouds in pl and especially p2 are not fully depicted and only the top
portions of the cloud could be measured by the lidar system

The first special case consists of two lidar legs conducted during Mission 6 of the campaign on 29/03/2014 over the West
Mediterranean(Voigt et al., 2017, Their Table 3)n these legs a multicell thunderstorm evolving into a Mesoscale

Convective System (MCS) was measured. The flight wadwetied in such a way that young, mature and dissipating clouds

10



