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Chain of Events Linking Arctic Amplification (AA) with
Increased Extreme Weather in Mid-Latitudes: a hypothesis
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Arctic Amplification (observed)

Not confined to surface!
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Arctic Amplification

Difference in near-surface air temperature anomalies
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Thickness anomalies 1995-20
from NCEP Reanalysis
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V = meridional wind
U = zonal wind

Francis and Vavrus, 2015
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Measuring High- Amplitude Patterns (HAPs
500 hPa contour range > 35° latitude




Are HAPs happening more often?
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The
"It Takes

Two to
Tango”

hypothesis

The good old days...

Extra heating
intensifies ridge,
making it more
persistent.
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fac 7"0/" *.5'/ neither Ice loss has no effect
sufficient alonell




a
Barents/!|
Ice los

East Asi:
cold

anomal

C
0.3

0.0
-0.3
-0.6
-09

Trend (1998-2013, DJF)

T

— ART1index
— ART2 index

gt 2 ]

CORR(ART1and ART2) = 0.09
CORRp(ART1and ART2) =-0.08 |

1980 1985

1990

1995 2000 2005 2010
Year

‘n North 4
old ano

Beaufort
0SS

30 (Day)

Kug et al, Nature Geosci. 2015



Sept 2013 Sept 2014

Mational Snow and
Mational Srow and |

Rk ? P
";E"H:m j " &
/i

o« G

4 Anchor‘age\% kg I

MERRA " MERRA
) Dec to Feb 2013 Dec to Feb 2014
2m Air Temperature Anomaly 1981-2010 Climatology degK 2m Air Temperature Anomaly 1981-2010 Climatology degK
[ B L L L




Linkages between Arctic Amplification and

Mid-Latitude Extreme Weather:
Status of Mechanisms

Arctic

Amplification

Arctic GPH
higher, seasonally and
regionally varying

( )

[2] Barents/Kara
ice loss:
=>+GPH anomaly
= Intensified
downstream trough
.

/

[3] NE Pacific:
=> Intensified ridge

= Intensified
downstream trough

o -

1. Hanna et al 2014, Overland et al 2015

Weaker poleward
gradient

[4] Weaker zonal
winds aloft via
thermal wind

—— =
I [6] Flow more
I easily deflected | § more likely
Iby perturbations| |
| I I resonance

NN I N S .- /
2. Honda et al 2009, Petoukhov and Semenov lﬂ' - - —/ - -
2010, Kim et al 2014, Mori et al 2014, Cohen
More frequent "

[7] Split jet

=> quasi-

--\

\--—

f [5] Weaker \

baroclinicity:
= Increased stability
= Weaker EKE
= Weaker surface
pressure cells
= Fewer/weaker

k airmass changes_)

’- --\

1
[8] MCI: flow
vectors more |
meridional |

I
4

\’--—

et al 2014, Kug et al 2015
3. Lee et al 2015, Kug et al 2015
4. Francis and Vavrus 2012, Barnes 2013,

amplified flows,
More blocking |

‘--- L B N ]

,--

Cvijanovic and Caldeira 2015,
5. Coumou et al 2015

LS

=) \Winter

—) SUMMer
= == == Hypothesis

7. Coumou et al 2014

8. Francis and Vavrus 2015

9. Jaiser et al 2012, 2013; Cohen et al 2014
10. Screen and Simmonds 2014

—-------‘\
|
[

F-

[9] Disruption of
stratospheric vortex |

4
| [10] More persistent
weather patterns,
I extremes more likely |

--l

|

J

]

\————————'

as of 10/15



A stratospheric connection?

Cohen et al, Nature Geosciences, 2014
also Jaiser et al 2012, 2013; Kim et al 2014
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Self-Organizing Maps
A neural-network approach to identify characte
in large data sets
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Blocking Events per Year

Average Blocking Duration (Days)
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Blocking Frequency and Intensity
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Blocking data from A. Lupo
http://solberg.snr.missouri.edu/gcc/




Changes in Blocking Frequency and Intensity
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Trends in Blocking Probability

Nor’rher'n Hemlsphere Atlantic sector

Blocking data from A. Lupo
http://solberg.snr.missouri.edu/gcc/




Blocking versus Arctic amplification
T, (70°N-90°N) - (30°N-60°N)

AA: Northern Hemisphere Blockitig trstbiapility
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Blockmg versus AO _ NAO and PNA

Arctic oscillation

AQ index mapped onto master SOM, 1950-2014 NAQ index rapped onto master SOM, 1950-2014 PHA index mapped onto master SOM, 1950-2014
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The blocking story is complicated...

Near-term projections
(2020-2044) minus (1980-2004)

(a) Arctic amplification (b) zonal wind (c) jet speed (d) jet position
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AA augmen‘rs some natural patterns to foster extreme events

"Same old” metrics (averaging over time, space, and ensembles)
not well suited to this problem

Pattern-based analysis (SOMs) may help separate signal from
chaos of natural variability:

* Probability of blocking in given pattern is increasing: block intensity
is decreasing

= AA appears to be associated with increased blocking probability

= Can models capture these types of amplified relationships?
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Extras




HAPs versus Blocking

This raises some interesting questions about the
effects of a weakened poleward gradient and zonal
winds on the behavior of the jet stream:

> Blocking is caused by wave breaking, which increases
in strong gradients (winter) => should become less
frequent and less intense in future as AA increases.
CMIP5 models show this, observations do nof!

> HAPs more frequent when gradients weak (summer)
=> should increase in future. Observations agree.

> Cut-off lows also more common in summer when
gradient is weak. => increase in future?




Blocking Persistence

Blocking data from A. Lupo, http://Solberg.snr.Missouri.edu/gcc/
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Dbserved&Simulated H500 anomalies for DJF2013/14
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Change in contour height with

From 30-member CESM-CAMS Large Ensemble
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Emerging mechanisms

Quasi-resonance (summer only)
Coumou et al (2014), Petoukhov et al (2013)

» Many summer extreme events
(heat waves, floods, drought)
caused by persistent, high-
amplitude jet-stream waves

» Waves trapped in “wave
guides” created by split jet;
become stagnant

Number of resonance months

20W 15W 10W  SW

» Split jets more likely when soms Vetar Wng (/) Sompost Heon
west/east jet winds are weak

NCEP/NCAR Reanalysis

Split jet stream during extreme
» Arctic amplification causes European heat wave in July 2006

weaker west/east winds




