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Zonal mean Surface Temperature Response (1%
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" Intermodel spread in surface
- temperature warming is
- greatest in the Arctic.
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. Dec'lihe.'in multi-year sea ice
(Nghiem et al. 2007; Polyakov
et al. 2012)

= |* Atmospheric wind patterns

.......
‘‘‘

(Rigor and Wallace 2004; Ogi
and Wallace 2007)

. —....|* Atmosphere and ocean heat

transport (Shimada et al. 2006; |

Serreze et al. 2007)

e Surface albedo feedback
(Perovich et al 2007)

i+ Arctic cloudiness (Kay et al.

2008)

8 TREL




Arctic Low Cloud Processes!asck

vertical
motion

ot

0.5-2km % Moist
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Radiative Cooling

* Drives buoyant production of turbulence

* Forces direct condensation within inversion layer
* Requires minimum amount of cloud liquid water

Microphysics

* Liquid forms in updrafts and sometimes within the

Science Questions:

interactions?

How do clouds respond to changes in sea ice? g
What is the surface radiative forcing due to sea ice-cloud

pl&lpuauuu /

sl

Decoupled
Coupled

Decoupled
. Coupled
\—>~§\\

@,

/

» Surface type (ocean, ice, land) influences interaction

Surface Layer
* Turbulence and q contributions can be weak or strong
* Sink of atmospheric moisture due to ice precipitation

with cloud

The influence of the surface type on the cloud properties
implies an interaction between clouds and sea ice that may
significantly influence Arctic climate change.

Morrison et al. (2012;
Nature Geoscience)



Sea ice-Cloud Interaction: Some Modeling Evidence
Cloud base and LWC are higher

September
EEBE._MMMJFMMWMEMmmm_ kmwmmimmwmiwmmm_
1 |in Cloud Resolving Model

|| =~ Low Sea Ice|

simulations with anomalously
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Sea ice-Cloud Interaction: Some Observational Evidence

Significant correlation between cloud fraction and the sea ice extent in
AUTUMN: larger cloud fraction over open water and lower cloud
fraction over ice.

Larger cloud fraction over ocean

Kay and Gettelman (2009)
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No relationship during summer
because the atmosphere and surface
Lower cloud fraction over sea ice tend to be decoupled.




CALIPSO-CloudSAT-CERES MODIS (C3M)
Merged Data Product (Kato et al. 2010)

/ CERES footprint Data contains footprint

MODIS pixels (1 km) | averaged
I/ 1. Merged CALIPSO-

){ dﬁ CloudSAT vertical
A cloud property
_ profiles (cloud |
! fraction, LWC, IWC) |
CALIPSO Cloudsat ﬂ 2. Computed vertical
/ ground track radiative flux
profiles computed
with CALIPSO and
3 CloudSat derived
v cloud properties
13. Seaice
1 concentration

~20 km

)

(ssm/1)

Data are available from the NASA Langley ASDC: http://eosweb.larc.nasa.gov/
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Sensitivity of column
integrated cloud
properties to sea ice
concentration

Cloud fraction and LWP
are smaller in footprints
with larger sea ice
concentration.

_ I Little change in IWP I

The sign of the
relationship is
consistent across
seasons, but vary in
magnitude.
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Taylor et al., (Submitted)




Sensitivity of cloud fraction vertical profi

concentration

Maximum cloud
fraction
decreases in
magnitude and
height with
Increasing
footprint average
sea ice
concentration.

JIA Is unique.

Taylor et al., (Submitted)

Height {(km}

Height {km)

e toseaice

d
(o) JUA

Ocean
Sea Ice; 1-20%

S
T

Sea lce; B0-99% ]
Sea Ice: 99-100% :
Domain Mean '

(b) SON

—
T T T TrrT

fraction,

Decreasing cloud

| increasing sea ice

Cloud Fraction

0.0 0.2 0.4 0.6 0.8 0.0

0.2

0.4 0.6
Cloud Fraction



Sensitivity of the liquid water content (LWC) vertical profile

to seaice
concentration

Level of
maximum LWC
decreases in
magnitude and
height with
Increasing sea
ice
concentration.

Taylor et al., (Submitted)
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Dependence of o
Surface Cloud : "
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Dependence of sea ice-cloud
interaction on atmospheric state




Atmospheric State Regimes (Barton et al. 2012)
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Sensitivity of LWC to sea ice concentratlon by atmospherlc
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Taylor et al. (In prep.)

Surface radiative forcing of sea ice-cloud interaction

Net Cloud Radiative Forcing (W m™)
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Takeaway: the cloud
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Implications

Takeaway 1: Through a summer negative interaction and

a winter positive interaction sea ice-cloud interactions
buffer seasonal sea ice loss.

Takeaway 2: Arctic low cloud fraction and LWC are
<] expected to increase in a warmer future climate with
8l less sea ice enhancing polar warmmg amplification.

S—— AR

The results imply two critical features for S|mulat|ng |2
Arctic climate change and sea ice-cloud interactions:

(1) Distribution of atmospheric regimes must be
properly simulated.

(2) Characteristics of the marginal ice zone must be
properly modeled




Uncertainties and observational needs

* Continued active remote sensing of clouds.

* Asignificant uncertainty in this analysis is the
knowledge of Arctic atmospheric state.

1+ To understand the physical mechanisms
behind the cloud response to sea ice

Arctic are necessary.

Than

observations of surface turbulent fluxes in the |

kybuf'




