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Table S1. 2020 ACTIVATE CAO research flights, the prevalent MBL wind direction, co-

ordinates defining the initial cloud edge, and instrument limitations relevant to this study (see

text).
Date / Leg # Wind Dir. | Cloud edge coordinates Instrument Limitations
2020-02-21 / 1| RF04 | 20° 38.0°N 76.4°W — 39.5°N 72.0°W | Falcon only
2020-02-22 / 1| RF05 | 25° 34.0°N 77.4°W — 38.0°N 71.5°W | Falcon only
2020-02-22 / 2| RF06 | 25° 34.0°N 77.4°W — 38.0°N 71.5°W | Falcon only
2020-02-27 / 1| RF09 | 300° 34.0°N 76.0°W — 38.0°N 73.0°W | /
2020-03-01 / 1|RF13|315° 35.0°N 75.0°W — 40.0°N 72.0°W | /
2020-03-01 / 2| RF14 | 315° 35.0°N 74.0°W — 40.0°N 72.0°W | /
2020-03-08 / 1| RF17|10° 33.0°N 77.0°W — 36.5°N 72.0°W | No RSP
2020-03-08 / 2| RF18|20° 34.5°N 78.0°W — 34.5°N 70.0°W | No RSP

November 12, 2021, 9:49am



TORNOW ET AL.: CCN DILUTION FROM FT ENTRAINMENT

ey G0°0
Ammmﬂv ES&Q@M@ —uﬂﬁ MUOE .@Qd vM NO wmﬂwmwpnm dﬁsdp@@a@& QUEOmQOMQ

wﬁﬂvdp ®>S0®ﬁ® W_@MQO{HQ
(6661) StaeL], pue ‘qossny ‘suirep %G1 ‘ssowyIy) [edrdo pnoy) dsy
(8107) Te 10 mojmg 18ty doj-pnor) ¢-THUSH
Awuoaeuv JUOWINI)SUT
/ %C uorpeIjueduod ses 0 | W-10FgD OHYVIId

(610T) Te 0 10[4e],

(810z) Te 10 ourery] OMI ‘dMT
(900%) ‘Te 30 uosmer] / [um p9¥1°0¢] > @ 105 qSO[P/PNP SAg DAJS
(120g) 1810A pue ‘uyep ‘ousueq ‘douy] /1dMT ‘[un 0g'0°¢] 2 @ 10§ dSoip/pPNP daDd DAdS
(8002) T 0 opreno(] %0G> [wm 09°0°90°0] > ( 10§ "Ou0d sy SINV
(9007) ‘Te 19 UeIYSO0I0S / [wm 007°60°0] > (@ 10§ "OU0D ssRI\ STId
(L10g) T8 19 9100 %02 | [Wm 680°0°€00°0] 2 10§ qSo[p/eNP SAINS
(6102) T8 30 pLoig %0¢ [um 7°¢°7°0] > 10§ qSO[p/eNP SVT ISL
/ %01 wuQT-ND ¢LLe-DdD ISL

%0T=NDDY [%L°0°2°0] 2 SS 10
(900z) yitwug pue ‘RUIPON ‘SOUON ‘0oURT |  §( =SSV %EF 0=S8S IY3I0 10§ ‘(S)NDD Ioyumopn NDD LINA

9ouaI9JeY] | Ayure)reoun) |

sponpoag pasn) | (nyrs-ur) juawnaysuy

‘posn AJUIeIoouUn pojewr)so pue ‘sjponpoid ‘SjuomnI)suy

¢S dlqeL

November 12, 2021, 9:49am



TORNOW ET AL.: CCN DILUTION FROM FT ENTRAINMENT

X-8
ACTIVATE Flight on 20200301 - L2
> ® clear, above-cloud
2000 ® clear, below-cloud
- ® clear, cloud-level
[90)
32 o ® cloudy
1500 |gze24567¢8 ’ 5'~
E
[} c 2425 -
3 1000 ; 1 l
= 2 o4l 5 6268
< e o) & L =
500 , ' ‘
t L U oo} L
O 101112 18192021 313233 5051 666768 7374757677 82838485
19 20 21
Time UTC

Figure S1.

Section 2.1.

Categorization of CCN measurements during RF14 on 1 March 2020 as defined in
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Trace Gas Evolution for Inference of Entrainment Rate
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Figure S2. CO trace gas measurements during RF14 on 1 March 2020 as a function of
distance from cloud edge (AL) sorted into altitudes relative to the cloud deck (see legend).
Inset: entrainment rates derived from mixed-layer framework (blue) with shaded uncertainties
(plus/minus one sigma), and the range found in large-eddy simulations of a similar case (green

shading; Tornow et al., 2021). Gray shading indicates distance range of budget analysis.
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Reconstruction of 2D Cloud Properties
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Figure S3. Overview of RF14 (1 March 2020) mock-cloud-profiles (LWC shown as colored
shading) together with HSRL-2 cloud-top heights (red). The inset compares LWP from re-

constructed profiles with the RSP-based LWP values. The curve above the inset indicates the

probability density function for RSP-based values.
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Figure S4. Example hydrometeor size distributions (red, scale on left axes) during RF14 at
flight time 70495 s (left) and at 73525 s (right) and corresponding computed collision loss rates
(listed at top-right corner) with bin-wise contributions (gray shade, scale on right axes). Rates
that involved hydrometeors classified as frozen (only in one bin, shown with blue bar) are labelled

as “riming” (shown as integral in blue text and as bin-wise contribution through green shading).
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Use of Nearby* In-Situ Samples for Reconstruction

(* within 100 km horiz. distance; within 900 s of RSP meas.; within 50 m vertically)
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Figure S5. Example of RF14 (1 March 2020) in-situ samples (black) to stochastically build a
mock-cloud-profile (red), shown for LWC (left) and Ny (right), until the LWP roughly matches
the nearby RSP-sampled value. Gray bars mark the range of all in-situ observations (box ranging
between 25" and 75" percentiles and whiskers extending to 5 and 95" percentiles). The green
shading (lighter shade marks 5™ to 95" and darker shade 25™ to 75" percentiles) shows LWC
profiles from large-eddy simulations of a similar case (altitudes shifted 500 m downward). The
decrease of Ny with height is an artifact of MBL deepening downwind where N, progressively

decreases.
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Figure S6. Acrosol particle size distributions measured during RF14 (1 March 2020) in the

FT and MBL (top; and with reduced y-axis range, bottom). Colors mark the downwind distance

from cloud edge, AL.
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Aerosol Composition in FT and MBL
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Figure S7. Aerodyne High-Resolution Mass Spectrometer (AMS) measurements during RF14

Organic
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(1 March 2020) for the approximate size range 60-600 nm, showing mass proportions in FT (top)
and MBL (bottom) air masses and were interpolated to three selected AL values (horizontal

position).
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ACTIVATE Data on 2020-03-08 GOES16 on 2020-03-08 15:30:00
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Figure S8. As in Figure 1, but for the first research flight on 8 March 2020 (RF17).

November 12, 2021, 9:49am



X-16 TORNOW ET AL.: CCN DILUTION FROM FT ENTRAINMENT

NOAA HYSPLIT MODEL
Backward trajectories ending at 2000 UTC 01 Mar 20
GDAS Meteorological Data
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Figure S9. Back-trajectories based on HYSPLIT (Stein et al., 2015; Rolph et al., 2017) for

RF14.
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