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Low-Level Mixed-Phase Clouds

Lidar backscatter cross section (Masked values shown in black and white)
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Radiative Influence

* Low altitude stratus frequency of up to 70% during

transition seasons (Herman and Goody, 1976; Curry et
al., 1996)
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Radiative Influence

* Low altitude stratus frequency of up to 70% during

transition seasons (Herman and Goody, 1976; Curry et
al., 1996)

* Reduces wintertime net surface cooling by 40-50

Wm-2 (Curry et al., 1996)

e Commonly observed during several recent Arctic
experiments (SHEBA, MPACE, SEARCH, ISDAC)

e Often long-lived, surviving up to several days at a time
(de Boer et al., 2008,20092)
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Mixed-Phase Clouds and Sea Ice

- Kay et al. (2008) link anomalous decreases in cloud
cover and associated increases in downwelling
shortwave radiation to record breaking 2007 sea ice
extent minimum.
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Mixed-Phase Clouds and Sea Ice

- Kay et al. (2008) link anomalous decreases in cloud
cover and associated increases in downwelling
shortwave radiation to record breaking 2007 sea ice
extent minimum.

- Schweiger et al. (2008) relate longwave flux anomalies

caused by changes in local meteorology to the 2007
sea ice minimum, and determined that increased
shortwave effects due to reduced clouds did not play a
significant role.

-What about sea-ice effects on clouds?
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Mixed-Phase Clouds and Sea Ice
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Formation Mechanisms
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Formation Mechanisms

Subsaturated
T=To

Radiative Cooling to Space
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Formation Mechanisms
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Simulation
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Simulation

sim #1::Cloud Water Mixing Ratio (g/kqg)
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Observations

NP
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Observations

Single-layer
mixed phase
stratus
observations
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Temperatures
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Temperatures

Linear phase partition-
between -10 and -40 C
(standard SCAM)
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Macrophysical Properties
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Macrophysical Properties

From A-Train
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Ice Formation

- Primary Ice Formation (Pruppacher and Klett, 1997)
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Ice Formation
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Ice Formation
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Ice Formation

- Primary Ice Formation (Pruppacher and Klett, 1997)

- Condensation nucleation

. » * » ‘

- Nucleation through free IN

° mp (Contact)

(Deposition)
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Ice Formation

- Primary Ice Formation (Pruppacher and Klett, 1997)

- Condensation nucleation

. » * » ‘

- Nucleation through free IN
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- Immersion nucleation
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Concentration, etc.)
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Ice Formation

- Secondary Ice Formation
- Multiplication mechanisms

- Drop shattering:

- lce-lce Collisions:

+

- Splinter ejection during riming (Hallett-Mossop, 1974)

Q- §-:
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Temperatures

o

9 8,0 9,

SON A SON DJF MAM JJA SON DJF MAMJJA SON D
2004' 2005 | 2006 | 2007

N
~
o

N
o
o

o1
o

—
"4
—
()
P S
-
jd
1]
p
o
Q.
S
(&)
|—

N
=
O

CCSM Polar Working Group Meeting, Santa Fe, NM 19-20 February, 2009



Temperatures
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Homogeneous Freezing (< -35°C)(Hagen et al., 1981; Jensen et
al., 1998)
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Vertical Motlon
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Ice Formation

Observational Clues

Aerosols:

- Bigg (1980) observed sulfuric acid coating on
aerosol particles during winter

- Sulfuric coating is water soluble, transforming
possible IN into CCN.

- Sulfate is primarily produced through the
oxidation of SO in clouds, through reactions with

peroxides or ozone (Kreidenweis et al., 2003).
SO, is produced in the oxidation of dimethylsulfide
(DMS) (along with sulfuric acid (H2SO4) and
methanesulfonic acid (MSA)). The MSA and H,SO4
are transformed to the particle phase through
condensation on pre-existing biogenic particles.

(Gabric, 2005; Leck et al, 2002). SO, also has
anthropogenic sources.

From in-situ measurements:

- Ice crystal concentrations strongly proportional
to concentration of drops larger than 20 um.
(Rangno & Hobbs, 2001)
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Immersion Freezing

Dynamical Alteration of
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Immersion Freezing

Conceptual Model for Mixed-Phase Stratus

Initialization
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Immersion Freezing

Conceptual Model for Mixed-Phase Stratus

Initialization
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Simulation Challenges
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Simulation Challenges

- Ilce nucleation schemes based on CFDC data...
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Simulation Challenges

- Ilce nucleation schemes based on CFDC data...
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summary

-Low-level, mixed-phase stratiform clouds are common in
the Arctic

-Feedback mechanisms between regulating interactions
between these clouds and sea ice are not yet well
understood

-Models have a difficult time representing mixed-phase
microphysics, in part due to uncertainties in ice nucleation

-Observations provide clues to help solve nucleation
mystery, and immersion freezing may play active role in ice
nucleation

-There appears to be a fundamental disconnect between
observations and simulation of ice nucleation
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Macrophysical Properties

MYD021KM.A2007252.1140.005.2007255171631.hdf
Aqua MODIS Truecolor Scene
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Immersion Freezing
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