Supplement of Atmos. Chem. Phys., 21, 8933-8959, 2021 A m h ri
https://doi.org/10.5194/acp-21-8933-2021-supplement t ospheric

© Author(s) 2021. CC BY 4.0 License. Chemistry
and Physics
Supplement of

A long-term study of cloud residuals from low-level Arctic clouds

Linn Karlsson et al.

Correspondence to: Paul Zieger (paul.zieger @aces.su.se)

The copyright of individual parts of the supplement might differ from the article licence.



e}
S ~
=3 3000
%]
2E
2
0 0
>
o
c
El
3000 - Mean: 3.7 ms™t 3000 o Mean: 1.0 ms™t 3
' i £ 1500 o
2 Median: 3.0 ms™1 2 Median: 0.8 ms™1
g g
g 1500 g 1500 -
w w
0 - 0 - T T 0 T T T
0 5 10 0 90 180 270 360

0 5 10 15 20
Wind direction (*)

Wind speed (m s~1) Updraft (m s™%)

Figure S1. Wind conditions during cloud sampling at Zeppelin Observatory. a—b show monthly averages (upper panels) and histograms
(lower panels) of horizontal wind speed and updraft, respectively. For the upper panels in a-b, solid and dotted lines show median and mean

values, respectively, and shaded areas indicate the 25*" to 75" percentile ranges. ¢ shows a histogram of the wind direction. In all panels,

data are only from cloud sampling periods.
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Figure S2. Comparison of particle number size distributions from DMPS 1 and DMPS 2a-b during non-cloud periods. a Particle
number size distributions measured with DMPS 1 (blue) and DMPS 2a-b (orange) when measuring on the same inlet. b Absolute difference
between hourly average particle number size distributions (DMPS 1 minus DMPS 2a-b). For panels a-b, solid and dotted lines show median
and mean values, respectively, and shaded areas indicate the 25" to 75" percentile ranges. Panels c—d show scatter plots of hourly average
integrated particle number concentrations (integrated above 10 nm and 15 nm particle diameter, respectively) from the DMPS systems, colour

coded by month of the year. Red lines show orthogonal distance linear regressions, and black dashed lines indicate the 1:1 relation.
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Figure S3. Comparison of different numbers of clusters in k-means. Normalised (left) and non-normalised (right) cloud residual number
size distributions resulting from k-means clustering using a-b 2 clusters, c—d 3 clusters, e—f 4 clusters, g-h 5 clusters, i—j 6 clusters. Solid

and dotted lines show median and mean values, respectively, and shaded areas indicate the 25" to 75" percentile ranges.
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Figure S4. Transmission efficiency of the GCVI inlet and cloud particle size distributions. Left y-axis: The squares show the experi-

mentally determined transmission efficiency of the GCVI from Shingler ef al. (2012) (for the tubing prior to the expansion segment). The

grey curve shows the transmission efficiency extrapolated to cover the fog monitor particle size range. Right y-axis: Cloud particle number

size distribution (CPSD) during the sampling period shown in red. Solid and dotted lines show median and mean values, respectively, and

the shaded area indicates the 25" to 75" percentile range (inter-quartile range, IQR). The grey shaded region covers the part of the size

distribution that is smaller than the GCVI cut size, and hence is not measured by the instrument.

Visibility from GCVI (m)

Counts
Visibility from GCVI (m)

+
10?

T
10°

Visibility calculated from FM (m)

T T i T T
104 10° 108 102 10° 104

T
10° 108

Visibility calculated from FM (m)

Mean temperature

Figure S5. Comparison of measured and calculated visibility. a 2D histogram of visibility as measured by the GCVI visibility sensor

(y-axis) versus visibility calculated from the cloud particle size distributions measured by the FM-120 fog monitor (x-axis). b Same as a, but

colourcoded by temperature instead of data point density. Visibility was calculated assuming spherical particles, a refractive index of 1.33,

and a wavelength of 880 nm of the visibility sensor.
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Figure S6. Heatmaps of wind parameters for different cloud residual and cloud particle concentrations. The figure shows heatmaps
where cloud residual and cloud particle number concentrations have been cross tabulated with a wind speed b updraft and ¢ wind direction
(rounded to the nearest 10 degrees). Note that the pixels do not contain the same number of data points, please refer to Figure 2b in the main

manuscript for the corresponding density plot.
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Figure S7. Comparison of cloud residual number concentrations and cloud particle concentrations for different wind directions.
Density scatter plots of cloud residual versus cloud particle number concentrations, including an orthogonal distance linear regression with
coefficient of determination (grey line), for different wind directions, 4. a southerly winds (90° < § < 270°), b northerly winds(—90° < § <
90°) The black dashed line represents the 1:1 line and the dotted lines represent 10:1 and 1:10 lines. The transmission efficiency of the GCVI

inlet (Shingler et al., 2012) has been included in the calculation of the cloud particle number concentration in all panels.
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Figure S8. D50 dependence on updraft. a Ratio of mean size distributions, i.e. cloud residual concentrations divided by total particle
concentrations. The coloured ratio curves have been normalised to 1 at 200nm. The grey dotted curves represent the position of the non-
normalised ratio curves (Fig. 5 in main manuscript). b Interpolated D5, for each updraft interval (i.e. the diameter at which the ratio in a is

0.5). The "error bars" represent the width of the diameter bin within which each interpolated value falls.



7-27 (0-10) cm~3 . 7-23 (0-8) cm~3 8-311(0-15) cm~3
Jan |t e 746 . 371 ST 375
Lo | ) Tl SN —— e
. 9-38 (0-9) cm 9-45 (1-11) cm™ 9-30 (0-1) cm
Feb _/_\\ 752 ECTTItE e 490 262
6-31 (1-51) cm™3 4-16 (1-15) cm™3 10-45 (12-64) cm™3
.---.-,/_‘/\/\';\. ..... .r Ttea. ‘,..m
64-132 (20-89) cm™3 93-193 (85-149) cm™3 64-128 (19-83) cm™3
Apr / y 12 \
29-229 (57-179) cm™3 29-259 (56-202) cm™3 24-87 (72-132) cm~3
May 2T, 1577 ot 1326 N
20- 95 (,45 98) cm~ 21-35 (72-109) cm~3
Jun 2066

Jul
11-90.(17-86) cm3 11-90.(17-86) cm3
Aug o % 2507 2597
9-41"(12-46) cm™3 9-41'(12-46) cm™3
Sep ¥ .. 1750 %, 1750
7-27.(9-62) cm™ 7- 29 (,10 68) cm~ 5 13 (2 18) cm~™
Oct /\2306 Vs 2087 s 219
"'6-37 (0-18) cm 3 ...5-40 (6-77) cm™3 .'837 (0-14) cm™3
Nov | .- ... 268 103 .., 165
+.9-39 (1-9) cm~3 '6-28 (3-15) cm™3 . 11-43 (0-5) cm™
Dec| " -~ 787 R 255 a 532
T T LR | T T '.'.'.'.'.'I = T LA | .' .'."""I T LA | T T ".""I
10-8 1077 10~ 61O 8 1077 10~ 610 -8 1077 10-©

Diameter (m)

Figure S9. Monthly average cloud residual number size distributions. Data have been segregated based on temperature, 7. The columns
show data fora all T, b T > —4°C, ¢ T'< —4°C. Solid and dotted lines show median and mean values, respectively, and shaded areas
indicate the 25" to 75 percentile ranges. The numbers in the upper right corner of each panel indicates the 25" to 75*® percentile ranges
of the integrated cloud residual number concentrations (and cloud particle number concentrations in parentheses). The grey numbers below

indicate the number of data points we have per month.
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Figure S10. Comparison of cloud residual number concentrations and cloud particle concentrations for the clusters in Fig. 2 in the

main manuscript. Density scatter plots of cloud residual versus cloud particle number concentrations, including an orthogonal distance

linear regression with coefficient of determination (grey line), for each cluster. The black dashed line represents the 1:1 line and the dotted

lines represent 10:1 and 1:10 lines. The text in the lower right corner indicates the percentage of data where the two concentrations are within

a factor of 2, 5, and 10 from each other (i.e. the amount of data between, e.g., the 10:1 and 1:10 lines etc.). Panels a—e show the data for

clusters 1-5, respectively. The transmission efficiency of the GCVI inlet (Shingler et al., 2012) has been included in the calculation of the

cloud particle number concentration in all panels.
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Figure S11. Cloud radar target classification for the clusters from Figure 8 in the main manuscript. Relative frequency of occurrence

of different Cloudnet airmass classes (0-10, see legend). Panels a—e show the classifications for clusters 1-5, respectively.
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Figure S12. Dependence of activated fraction on ambient air temperature. The activated fraction is here defined as the ratio of cloud
residual and total particle concentrations integrated above 100 nm diameter (as in Fig. 7 in Verheggen et al., 2007). The ratios are based on
30 min average concentrations. Solid and dotted lines show median and mean values, respectively, and shaded areas indicate the 25" to 75"

percentile ranges.
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Figure S13. Results of k-means clustering of cloud residual number size distributions (data with concentrations within a factor of
10 from cloud particle concentrations) using 6 clusters. a Normalised cloud residual number size distributions for each cluster (left), and
normalised number size distributions for the corresponding cloud particle population (right). Solid and dotted lines show median and mean
values, respectively, and shaded areas indicate the 252 to 75*® percentile ranges. b Monthly frequency of occurrence of each cluster. The
cluster analysis in this figure uses only the data where the cloud residual and cloud particle concentrations are within a factor of 10 from each

other (i.e. between dotted lines in Fig. 2 in main manuscript).
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Table S1. Hours of concurrent data from different instruments. Table showing the amount of simultaneous data, rounded to the nearest

hour, for different combinations of instruments. The data are divided into cloudy (i.e. GCVI on and visibility < 1 km) and clear (i.e. GCVI

off and visibility > 1 km). Data combinations that are not available or not used within our analysis are marked with dashes.

cloudy (h) clear (h) Relevant for
DMPS 1 1729 - -
DMPS 2a-b 1339 8000 -
DMPS 1 & FM-120 1700 - Figs. 2a-b,8,9c—d,Fig. S3,54, S5,510,S13*
DMPS 1 & uSonic & FM-120 1603 - Figs. 2c,3,9a-b+£,S1,56,S7,59
DMPS 1 & FM-120 & Cloudnet 490 - Figs. 10, S11
DMPS 1 & DMPS 2a-b 1136 3684 Figs. S2
DMPS 1 & DMPS 2b & uSonic 1086 - Figs. 4
DMPS 1 & DMPS 2b & FM-120 & uSonic 1086 - Figs. 7,512
DMPS 1 & DMPS 2a-b & FM-120 1111 - Figs. 9e,11
DMPS 1 & DMPS 2a-b & FM-120 & uSonic 1029 - Figs. 5,6,58
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