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Null hypothesis versus risk avoidance: N < 30. Perhaps a default hypothesis
IS unequivocal Arctic change (Prior)? As noted by Trenberth (2011), Sources
of uncertainty in the observational record or models should not be
preferentially assigned toward underestimating the human (or Arctic change)
component.

Shepherd (2014) and Trenberth et al. (2015) note that thermodynamic aspects
of change (temperature, water vapor, sea ice) tend to be robust, while
dynamlc aspects are not-so*r&bt.tst Em,at-mos erigi_r.clatio;w, c_haotic
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AO

Standard Deviatoin of AQ

Increased December Arctic Oscillation (AO) index Variability
Lower curves are 9 year running standard deviation
AO-in 2009, 2010, 2012; AO+ in 2006, 2011, 2103
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Asia: Arctic—Midltitude Weather Linges




SLP and Z300 SAT and V850

Wave Train Movement of Cold
Air into Eastern Asia:
Monthly to Synoptic Scale

Kim et al. 2014;
Overland et al. 2015




More Speculative

North America: Warmer Arctic Temperatures
Can Reinforce Wavy Jet Stream

\“Warmer
W\, Arctic”

Wavier |
Jet'Stream %

Francis and Vavrus 2015
Hartmann 2015

. -
Overland and Wang 2015 C 0O 1 d




A) December climatic mean of 700 hPa geopotential heights over North America.

(B &C) Composite of height anomalies for three months of recent AO- (Dec. 2009, 2010 and
2012) and AO+ (Dec. 2006, 2011, 2013).

(D) Meridional 850 hPa wind component showing a “wavy” pattern for Dec 2012
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Composite of geopotential thickness (m) and near surface (1000 hPa) air
temperature anomalies and for three -AO —(+AQO) Decembers.
Maximums are over Baffin Bay and Hudson Bay in excess of +4°C.
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Geopotential Tendency Equation in pressure coordinates
(notation after Holton 1979)
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+Height Vorticity advection decrease with height of
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is the geopotential tendency
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Decrease of Arctic temperature anomalies with height
DEC 2007-2013



Increased Surface Temps over sea ice areas in Negative AO Years
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No Ion”s
From Case Studies: Earlywinter Linkage

~“regional (E Asia and speculatively.in E NoOf
based on ampllflcatlon of existin
years, espeC|aIIy iIn -AO years (€.
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Llnkages are a combination of internal variability, two- -way
- mid-latitude teleconnections, and Iower -tropospheric Arctic

: tempm’-anomalles All are important

“Way forward: mp?ngrecasts by increasing
AFctlc observations g Arctic-specific physics in

the models. .
How do we communicate uncertainties to a broad public?
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