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FIG. 1. Trends in surface temperature from the National Aeronautics and Space Administration (NASA) Goddard
Institute for Space Studies (GISS) surface temperature analysis for the period 1960-2010: (a) NH and (b) SH. Units

are °C (50 yr)™".
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Arctic sea ice July 1, 2013
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Observations show that
= e large-scale atmospheric

2 Mot e s e circulation patterns, near-
' o ‘ surface static stability and
surface conditions control
Arctic cloud cover during
melt season

No cloud response to
summer sea ice loss, but
cloud increases over newly
open water during early fall

Kay and Gettelman, 2009
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Arctic low clouds and parameterizations
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Reanalysis in the Arctic

Cloud fraction
Annual mean
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Not enough variability in
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Be careful when using reanalyses in the Polar regions!



Spring conditioning for summer sea-ice melt
ERA-INnterim (1989-2010)
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Moisture transport to the Arctic
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Moisture transport across 70°N
ERA-Interim (1989-2010)
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Winter anomalies in LWD related to

moisture transport across 70°N
ERA-INnterim (1989-2010)

Means

Standard deviations

(b) — surface fongwave down radiation anomaly:
— Surface §kin temperature:anomaly :

..................................................................................

.....................................................................................

@ s,

A
W

7
LN

%
e
S
4//) WS
Stockholm
University

~ERS/

Note that the LWD is
likely underestimated in
ERA-Interim due to lack
of supercooled liquid
clouds but the anomaly
signal is less affected

Woods et al., 2013



Which processes enhance GHG-induced
Arctic amplification?

Mechanism Effect (compared with
global effect)

Surface albedo feedback

Planck feedback
Lapse rate feedback

Ocean heat transport
GHG forcing

Water vapor feedback
Atmospheric transport

Clouds shortwave
Clouds longwave

More positive

Less negative
Positive (negative globally)

Increases with increasing
GHG

Less positive
Less positive

Positive (small) ?

Negative ?(positive globally)
Positive ?(negative globally)
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Kay et al. 2012



Feedback analysis of Global and Arctic
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FI1G. 6. Scatterplot of the annual transport of energy associated
with moisture (Lg) vs the transport of dry static energy (¢, T + gZ).
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Total energy transport across 60°N
ECHAM 20t and 21st century
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F1G. 7. Mean annual vertical profiles of total energy transport (¢, T + gZ + Lq) across 60°N and 60°S for 20C and 21C
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Total energy
transport for NH
IS increasing with
about 6 Wm-2
Moist part is
Increasing more

Increase is about
the same for SH
although the
moist contribution
IS larger

Bengtsson et al., 2013
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Midlatitude storm density
North Atlantic, CMIP5 models

DJF track density ERAI

JJA track density ERAI
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Storm track biases over
the North Atlantic have
decreased in CMIP5
models compared to
CMIP3, although
models still produce too
zonal storm track in
this region and most
models underestimate

Fia. 1. Track density in ERA-Interim reanalysis (1980-2009) (a,b) and mean track density Cyclone intensity

bias of CMIP5 models in the HIST simulations relative to ERA-Interim (c,d). The results
are shown for DJF (a,c) and JJA (b,d). Unites are in number of cyclones per month per
unit area, where unit area is equivalent to a 5 degree spherical cap. In a.b the circular sector
defines the region of the North Atlantic and European cvelones. The small boxes define the
Mediterranean (DJF only) and Central European area of interests. In c,d stippling shows
where more than 80% of the models have a bias of the same sign. and the contours show the

CMIP5 averaged track density with isolines every 4 cyclones per month per unit area.

Zappa et al., 2013



Relative Change

Midlatitude storm projected change

North Atlantic, CMIP5 models
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The total number of cyclones decreases in
both summer and winter
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Extratropical storm tracks
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Observational evidence, ISCCP ocean (1983 — 2008) Stockholm
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Midlatitude storms clouds

Observational evidence, ocean (1983 — 2008)
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The observed changes in storm track cloudiness can be related to local
cloud-induced changes in radiative effect. The shortwave and the longwave
components are found to act together, leading to a positive (warming) net
radiative effect in response to the cloud changes in the storm track regions,

indicative of positive cloud feedback.

Stockholm
University

Bender et al., 2012
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Midlatitude storms and climate
CMIP3 models, 1% CO2 increase per year Stnc;ékholm
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Midlatitude storms and climate %%
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CMIP3 models, 1% CO2 increase per year Stockholm
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Arctic clouds CRE
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Changing Arctic surface CRE
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Seasonal averaged sea-ice albedo
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Seasonal averaged sea-ice albedo gulee
and summer CRE
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The sea ice albedo
dependency of the surface
cloud radiative effect
determines its magnitude

and sign U

A change in cloudiness will
feed back very differently on
the models’ surface energy
budget

Can differences in sea-ice albedo explain the model-spread
In the annual amplitude of sea-ice cover?

Karlsson and Svensson, 2013
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Sea-ice extent and summer sea-ice albedo : %
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Present day sea-ice
concentration and sea-ice
albedo conditions the
potential future change of
absorbed surface solar
radiation in the Arctic.

Isolines indicate the
increase in absorbed solar
radiation (Wm-2) at the
surface in the transition to
an ice-free Arctic ocean,
assuming 80% winter sea-
ice extent, 0.1 ocean albedo
and unchanged summer
surface insolation of 220
wWm-2.

Karlsson and Svensson, 2013
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SHEBA observations 1997-98 and
CMIP5 models
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Interannual variability
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Summer CRE at surface
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Optically thin clouds and suface energy budget

Regional model results
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Summary extratropical clouds

A
SwwlizeQ
2 W 2
i P

Stockholm
University

N

Observations show a poleward/equatorward
increases/decreases in frequency of extratropical storms

The net radiative effect of these changes are positive in
observations, indicative of a positive cloud feedback

Warmer climates indicate that there will be a poleward storm
track shift, increase in storm strength and decrease in storm
frequency

Some improvement in CMIP5 models compared with CMIP3
but storm tracks are still too zonal — part of the improvement
Is likely because of increased horizontal resolution

Most studies of midlatitude storms are in terms of dynamic
effects and precipitation

Cloud changes and radiative effects have not been extensively
studied
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Summary polar clouds ofes

From observations, we know the initial cloud response to Stockholm
: : University
removing sea-ice

From feedback analysis we know the sign but not the
maghnitude of most possible mechanisms, the most uncertain
are the atmospheric transport and changing clouds

Arctic clouds in CMIP5 models have very different properties
and spread in CRE and no obvious decrease in across-model
spread in cloud related variables in CMIP5 compared to CMIP3

In general, clouds become more plentiful and optically thicker
(LWP and IWP both increasing) in the warmer climate in the
CMIP5 models :

— for winter this results in increased surface CRE

— In summer, the decrease in surface albedo is more
iImportant than the changes in cloud properties for the
surface CRE

Sea ice albedo is badly constrained in models, which results in
large present-day summertime model spread of surface cloud
radiative effect
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" The interaction between the dynamics and clouds (the Hadley
circulation and the extratropical cyclones, warm conveyor belt,
polar lows, cyclones in polar regions)

7
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" Cloud parameterizations are designed for lower latitudes, does
not describe the right physics in the polar regions

" Clouds interact strongly with the surface in the polar regions,
have to be studied as a coupled problem involving the
parameterized turbulence, sea-ice, radiation, aerosol and
clouds

" Vertical resolution is not designed for the shallow dynamic and
thermodynamic processes in the polar regions and lack of
observations in polar regions makes it hard to constrain the
problem

" WMO initiatives for polar prediction on all time scales WWRP
Polar Prediction Project (hours to seasonal) and WCRP Polar
Climate Predictability Initiative (seasonal to multi decadal)
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