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Low-Level Mixed-Phase Clouds
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Radiative Influence

• Low altitude stratus frequency of up to 70% during 
transition seasons (Herman and Goody, 1976; Curry et 
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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)

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

• Often long-lived, surviving up to several days at a time 
(de Boer et al., 2008,2009a)
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- Kay et al. (2008) link anomalous decreases in cloud 
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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

Barrow

Oliktok Point

(Klein et al., 2009, modified)
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Figure 7. Scatterplot of the median liquid water path and ice water path from 
observations (letters) and model simulations (symbols). The aircraft observations are 
depicted by the letter “A”, whereas the remote sensing retrievals of SHUPE-TURNER and 
WANG are depicted by the letters “S” and “W”, respectively. The lightly dashed rectangle 
indicates the likely range of the regionally averaged liquid and ice water path. The filling 
or lack thereof in a symbol indicates the model type and the symbol shape indicates the 
class of model cloud microphysics. See the legend in the plot for the key. As observations 
do not distinguish between precipitating and non-precipitating condensate, the reported 
water paths include the contributions from the precipitating species. SCMs for which the 
precipitation species were unavailable are indicated with a “*” in the center of the 
symbol. One model falls outside the plot domain and is depicted with a “!” attached to its 
symbol which points to the numerical value of the ordinate. A 1:1 line is plotted for 
reference. 
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Simulation

2 4 6 8 10
0

0.2

0.4

0.6

Time (hrs)

A
lt

it
u

d
e
 (

k
m

)

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

0

0.02

0.04

0.06

0.08

0.1

2 4 6 8 10
0

0.2

0.4

0.6

Time (hrs)

A
lt

it
u

d
e

 (
k

m
)

sim #1::Snow Mixing Ratio (g/kg)

0

0.01

0.02



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

Observations
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Observations

Time (UT)

)
m

k( 
e

d
utitl

A

13 14 15 16 17 18 19 20 21 22 23

1.0

2.0

3.0

4.0

Time (UT)

)
m

k( 
e

d
utitl

A

13 14 15 16 17 18 19 20 21 22 23

1.0

2.0

3.0

4.0

Single-layer 
mixed phase 

stratus 
observations

- 216 hours 
from Barrow 
(fall 2004)

- 1240 hours 
from Eureka 
(fall 2005-2007)



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

Temperatures

245 250 255 260 265 270 275 280
0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Cloud Top Temperature (K)

L
W

F



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

Temperatures

245 250 255 260 265 270 275 280
0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Cloud Top Temperature (K)

L
W

F

Linear phase partition
between -10 and -40 C

(standard SCAM)



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

Macrophysical Properties
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Macrophysical Properties
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Macrophysical Properties
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Macrophysical Properties

Barrow Eureka
(Images courtesy of Jennifer Kay)

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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(Pruppacher and Klett, 1997)
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Ice Formation

- Primary Ice Formation 

(Deposition)

(Pruppacher and Klett, 1997)

(Contact)

- Nucleation through free IN

- Immersion nucleation

- Condensation nucleation
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Ice Formation

- Secondary Ice Formation
- Multiplication mechanisms

- Drop shattering:

- Ice-Ice Collisions:

- Splinter ejection during riming (Hallett-Mossop, 1974)
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Homogeneous Freezing (< -35°C)(Hagen et al., 1981; Jensen et 
al., 1998)
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Vertical Motion

(Shupe et al., 2008)
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Vertical Motion

(Shupe et al., 2008)
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Ice Formation

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 SO2 in clouds, through reactions with 
peroxides or ozone (Kreidenweis et al., 2003).  
SO2 is produced in the oxidation of dimethylsulfide 
(DMS) (along with sulfuric acid (H2SO4) and 
methanesulfonic acid (MSA)).  The MSA and H2SO4 
are transformed to the particle phase through 
condensation on pre-existing biogenic particles. 
(Gabric, 2005; Leck et al., 2002).  SO2 also has 
anthropogenic sources.

From in-situ measurements:
- Ice crystal concentrations strongly proportional 
to concentration of drops larger than 20 µm. 
(Rangno & Hobbs, 2001)

Observational Clues

Bigg (1980)
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Immersion Freezing
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Immersion Freezing
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Simulation Challenges

(Image from Paul DeMott)
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Simulation Challenges

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

- Ice 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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Immersion Freezing
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