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The Arctic is changing

1) Why is Arctic sea ice disappearing so rapidly?
2) What are the local and remote consequences?
3) Can we predict it?

1) How do we explain the large variability and trends in sea ice and temperatures?
2) Can we describe interactive processes and impact

locally in the Arctic?
● remote
3) What does it need to improve our capability to
●

●
●

project climate change
predict climate change on time scales from sub-seasonal to decadal

Reasons for recent Arctic sea ice
(rapid) extent decline

In a nutshell


Thinning and rejuvenating



Ice albedo for young ice is less than for old ice



Increased sea ice drift (Tara vs Fram)



Melting from the top/below



Influence of ocean heat transport



Arctic amplification, incl sea ice albedo and other feedbacks



changed patterns of atm. Advection (heat and moisture transport)



...
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Döscher et al. 2014

Arctic Amplification

S
Arctic amplification of recent temperature trends as captured
by a map of the change in annual surface temperature from
1958 to 2008 (data and mapping algorithm from NASA
Goddard Institute for Space Studies).

N
2m temperature difference
(1991-2010) vs (1951-1990)

Arctic Amplification

0.38 oC per 10 år

0.19 oC per 10 år

Arctic and global temperature anomalies relative to the 1910-2008 average

=> The Arctic is warming faster,
sea ice-albedo feedback plays a role,

other contributions by:
cloud and water vapor feedback, temperature (incl. lapse-rate) feedback,
atmospheric circulation feedbacks,
reduced mixing in the Arctic atmospheric boundary layer

Remote consequences

●

●

Ocean: via reduced density entering the North Atlantic
Atmosphere: “The possibility of a link between Arctic change and
mid-latitude weather has spurred research activities that reveal
three potential dynamical pathways linking Arctic amplification to
mid-latitude weather: changes in storm tracks, the jet stream, and
planetary waves and their associated energy propagation. “
Cohen et al. (2014), Nature Geoscience

“… large uncertainties regarding the magnitude ... remain. “

Arctic winter atmosphere
is conditioned by autumn sea ice

Correlation
of November sea-ice area in Barents/Kara Sea,
with winter (DJF)
SLP-Variationen (upper panel) und T2m (lower panel). All Data
detrended; 1982-2013; sea ice area from OSISAF; SLP, T2m
ERAinterim; black lines indicate significance limits 95%.

Koenigk et al., submitted

Climate scenarios for the Arctic

Koenigk et al. 2013, Clim Dyn

Constraining sea ice scenarios: selecting models
Sea ice extent in CMIP5 models

Approach




Constrained sea ice extent in CMIP5 models

Liu et al. (2013)



We retain the models with the
simulated September sea ice extent
falling within 20% of the observations
We retain those models with simulated
September sea ice extent trend falling
within 30% of the observations
This leaves us with 9 out of 30
projections

Prediction vs projection

Sources of predictability
●

●

●

●

Signal storage capacity
Observable phenomena (oscillations, forcing, events) which can serve
as predictor (i.e,. relate to a quantity to be predicted).
Physical mechanisms linking predictors to predicted quantity (e.g.
temperature over Europe and the Arctic)
Need to
–

understand physical mechanisms representation in models to gain
confidence in forecasts

–

optimize
●
●
●

Initialization methods
Ensemble building methods
Models

Example for a source of predictability:

Quasi-biennial oscillation (QBO) of the zonal wind in the
tropical stratosphere

difference
2∗std

difference
2∗std

QBO is predictable years ahead, provides moderate predictability of European winter climate.
QBO affects polar vortex and winter NAO → forecast skill for cold spells in Europe
QBO is typically simulated by climate models.

Interannual potential predictability
PPP = prognostic potential
predictability

Koenigk et al. 2012, SMHI
●

●

Potential predictability = Approximation of upper limit predictability, under the assumption that
the climate model represents the real world.
That upper limit can be further enhanced by improving the model (more realistic descriptions of
the sources of predictability)

Decadal Prognostic Potential Predictability
for surface air temperature
Reason for high predictability over
Europe:

Prognostic potential predictability for surface air temperature in perfect ensemble
experiments with EC-Earth 2.1 using present day climate conditions. Values between
0.4 and 0.9 display the scale from low to high predictability. Shown is the potential
predictability of the mean of the first 10 years after initialization. The figure is based
on Koenigk et al. 2012 (their Fig. 11). Note that all values have been detrended before
calculating the predictability. The potential predictability of local decadal mean surface
air temperature is significant over entire Europe with exception of the South and
South-west.

Decadal correlation between the ocean
overturning circulation (MOC) and
surface air temperature

Region

PPP CTRL

North Atlantic (10-60W,30-60N)

0.85

Europe (0-60E,30-60N)

0.72

Africa (10W-40E, -30S–30N)

0.57

S. Asia (60-130E, 10-40N)

0.71

N Asia (60-150E, 40-70N)

0.39

N America (70-150W, 30-70N)

0.42

S America (40-80W, 50S-10N)

0.11

Australia (110-155E, 40S-10S)

0.27

Antarctic (0-360E, 90S-70S)

0.35

Arctic (0-360E, 70-90N)

0.77

Labrador Sea (48-65W,45-65N)

0.87

global

0.85

Potential
predictability
for regions

PPP for regional means, T2m,
y1-10, PPP increases with
enlarging regions.

Northwestern Europe is the populated area where decadal predictions might have the highest potential for
improvement compared to traditional scenario simulations. Compared to previous studies, results indicate a
slightly higher predictability over land regions. If the relatively high resolution in EC-Earth compared to the
models used in most previous studies contribute to this fact remains to be analyzed. The predictability of air
temperature averaged over continental-size regions increases particularly for northern hemispheric regions
compared to the predictability on the grid size scale.

Koenigk et al. 2012, SMHI

(Selected)

Challenges for climate science
in the Arctic

●

Mechanism for the Actic amplification need to be better explored

●

Regional impact is under-explored (hydrology, snow)

●

Interaction with the global scale / impact

●

●

●

●

●

Climate projections for sea ice are very sensitive, constraining methods are
under development, SIT observations needed.
Arctic climate prediction from sub-seasonal to decadal scales potentially have
skill
Improvements of climate prediction expected from
–

Better models / more complete process description / signal storage /
atmospheric composition / higher resolution

–

More sophisticated initialization / assimilation methods / coupled
initialization / ensemble building / Arctic: sea ice thickness

The demand of action-relevant climate information on multi-annual time
scales is growing. Forecaster and users need to learn how to make use of
probability information.
Clouds ...

END

