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Mixed-phase clouds (MPC) Lo e e e

(NoMeyers Nucleation+ VapDep/100) - Baseline

over the Southern Ocean

A Lawson andettelman(2014)found that nudging the
Community Earth System Model (CESM) to match with
situ observations over Antarctica lead to net cloud
radiative effect from5 to-30 W n¥ (right)

A Tan andStorelvma(2016)found that the Wegener | %y v fe
Bergeronl:lndelsorprocess (WBF) accounts for the vastoow [------------ ....... ] ...... I - 90E
majority of variance of the cloud phase partitioning in %euf“ ' |
MPC as simulated in the Community Atmosphere Modt \
version 5 (CAMS5) (in red below). \ - R
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The NSF ORCAS campaign

AThe NSF {IN, Ratio and CQAIirborne ORCAS flight paths: RF01'F19

Study (ORCAS) 2
A Punta ArenasChile
A January 18 ¢ February 28, 2016 -307 ¢
A 18 flights
A ~100250 m resolution -40° |

ANCAR GV aircraft

Adoud instrumentation:
A CloudDroplet Probe (CDP:-20 um)

A 2-Dimensional Optical Array Probe (2DC; PR
62.51600um)

A Rosemount Icing Detector probe (RICE)
-70° B

AWater vapor instrumentation P

A The Vertical Cavity Surface Emittiraser
Hygrometer(VCSEL) -80°

A 6% accuracy 1% precision

-50°

Latitude
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Zonal RH distribution
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AHighRH. @I f dzS&a 2 7F
AAverage RH. of ~80% in
middle/upper troposphere.

ALowlevel RH often near
saturation.

A10% of observations
supersaturated (with respect to
ice)

—T=0°C
—--T =-40°C




Clearsky icesupersaturation (I1SS)

Time series: Flight RF01

A Clearsky ISS spatially correlated with
updraft and higher water vapor
concentrations (Diao et al., 2014)

A Lower temperatures have more ISS > 125
A 4% of all observations cleaky ISS and

76% cleaisky nonlSS (T <°Q)

Occurrences of Clear-sky ISS

nces

——Temperature < -60°C

—+—-60°C < Temperature < -40°C
—+—-40°C < Temperature < -20°C
—+—-20°C < Temperature < 0°C

GCSQIITG

RN
o
o
o

# of

140 150 160
RH. (%)
ICe




Liquid only > 1

Mixed- > 1
phase
Ice only =0

Liquid phase 1.60
Mixed phase 2.10

Ice phase  6.79

Determining Cloud Phase

(°C) A CDPsampling is sensitivi®

>0

>0

12.17
6.00

-1.548

Cloud detection

0 to-40 sphericalparticles, thus we use

0 t0-40 samples at 50 um and >1 cri
to identify cloud droplets.

A Use FasDC samples at 62.5

= 1600um to identify ice crystals,
assuming most cloud droplets are
smaller.
0.22
A Larger variance of w is seen in th
0.20 ice phase compared with the
028 other two phases.



Small scale variabllity in cloud phase

Time series: Flight RF03
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In-situ obs reveal high spatial siw  Ice Pockets of ice/MP

- Varying Bpc

heterogeneity of cloud phases -40 km -155 km - NGprANd Neg > 100 crré and > 100 £, respectively
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Occurrence frequency

o

Occurrence frequencies of supersaturation
INn various cloud phases

1 Occurrence frequency of different clouds at RH > 100% Supersaturation occurs at
—Liquid only 940.7592 km ml_xedphase/S LW

g | |~*-Mixed-phase 1041.726 km | pr|mar|ly at-10°C < T <1
----- Ice only 624.741 km

or I Mixed-phase dominant

L : | at —4OOC < —I— <200C

2 . Occurrences of cleagky

ISS more frequent than

70 -60 50  -40 30 20  -10 0 10 In-cloud ISS at T40°C



Average IWC, LWC,
NCice’ I\Iqiq

A Average IWG, ., increases with
temp.

A Average IWG cqpnaselS lower
thanaverage IWG, ., at
temperatures above20°C . Number concentration .

A Average Ng ~100 cn in liquid e
phase

A |\Iqiq,liquid-only > Nq:iq,mixedphase
(-30°C t0-10°C)

m==|_jquid only
====|_iquid: Mixed-phase
=—=|ce: Mixed-phase
m==|ce only

Logm(Number concentration)
cm™ (droplets); L ! (ice)
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