A Warming Arctic and Potential Shifts in Mid-latitude
Weather: Faster than Expected
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Area (103 km?)

50 % Decline in Arctic Ocean Multiyear Sea Ice Coverage

75 % Loss in Sea Ice Volume since 1980
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OVERLAND: METEOROLOGY OF THE BEAUFORT SEA
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Figure 1. Latitudinal distribution of potential insolation for the Northern Hemisphere. Units are in W/m”.



Arctic Air Mass — cold, dry







“Arctic Amplification”:
Global Warming +Multiple Feedbacks

Global Warming Arctic
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Variation in general circulation
SLP SAT
£ Arctic Warming Pattern
3X faster than Mid-Latitude
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Warming Pattern is Different from Natural Variability (Arctic Oscillation) Pattern



Wide Range of September Sea Ice Extent Hindcasts and Predictions
89 ensemble members from 36 CMIP5 (IPCC) models under strongest (RCP8.5)
emissions scenario
September Sea Ice Extent
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Pacific Arctlc Ocean Heat Storage
Real World

Sept 12-13, 2011

Arctic

+6-8°C ocean anomalies,
the largestin the world.
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June Snow Cover 2012 relative to 1971-2000

June 2012
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MELTING AWAY GREENLAND FROM ABOVE

Land mass . Surface ‘'melt’ (detected by 2 or 3 Satellites)
No melting Surface ‘melt’ (detected by at least one Satellite)
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Atmospheric Science

NATURAL ENVIRONMENT RESEARCH COUNCIL

Sources of uncertainty @ National Centrelfn

in Arctic temperature project

Sources of uncertainty in decadal mean Arctic temperature projections

8- = Observations (NASA GISS)
[ Internal variability

7 I Model uncertainty

I Scenario uncertainty

6 - = Historical GCM uncertainty
All 90% uncertainty ranges
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#* _Human forcing |s. already in the climate system. Arctic amplifies the ’
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: Summer Arctlc-WIde sea ice loss is likely to occur within a'&%cade or
two.
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Cuttlng Greenhouse gases can reduce Arctic temperature increases
in 2090 by half.



A Smérgasbord of Wacky Weather...
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Will Arctic changes lead to mid-latitude weather extremes in the coming
decades?

Attribution is Controversial

Length of time series (<10 Years) is too short to robustly differentiate Arctic forcing from
random events

Complex interaction of Arctic forcing with chaotic mid-latitude flow; will not happen the
same way in every year

Worth further investigation for potential of improving seasonal forecasts,
especially with continued Arctic external forcing
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Attack of the Polar Vortex - Early January 2014

ECMWF 500 hPa Geopotential Height [x10 gpm] & Anomaly [gpm]
INIT: 12Z02JAN2014 fx: [102] hr ——> Mon 18Z06JAN2014 -413 ) 203 gpm




Chain of Events Linking Arctic Amplification with
Increased Extreme Weather in Mid-Latitudes

Arctic
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Greenland Blocking for December-January for 2009-10,
2010-11, 2012-13 and 2013-14.
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Composite 1000-500 hPa geopotential thickness anomaly field
(proportional to air temperature) for December-January 2009-10,
2010-11, 2012-13 and 2013-14.
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Atmospheric Wind flow, Greenland Blocking and
southern N Atlantic Jet Stream for December-January
for 2009-10, 2010-11, 2012-13 and 2013-14.
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North Jet Central Jet South Jet

HAL/ESRL Physleal Sclences Divislen Nt ESAL Fhysleal Sclens Dlvlelen Kb /ESRL Fhyleal Solanoes Dlislen

50 50

40 40

30 30

0 20

10 10

[ o
250mb Zanal Wind (m/=) Compesite hean 250mb Zonol Wind (m/s) Composite Mean s50mb Zonal Wind (m/=) Compesite Mean

NGAA/ESTL Physleal Selenves Divislon Naoe, /ESRL Fhysleal Sclencea Divislen Nana /ESRL Fhysleal Selences Divialon

NCEF /NGAR Reanalysis 309E to 357.5€ HCEF /NGAR Reandlysis SO0 to 357SE NCEF /HCAR Reanalysis 300F tn 357.SE
Zonal Wind {m/a) Campoalie Mean Zonal Wind {m/3) Camposlta hsan Zonal Wind {m/a) Campoalta Mean

Wws/ESRL Physleal clences Ohvlelon

NOAAESRL Phivsleal Silences Diellen NaAsSESRL Physleal Selonces Dillon)

45N BN

ELT T ]
CUF  zonal winds, middle jet peok 0JF zonal winds middle jet peok 0JF zonal winds, south jet pesk

0 5 10 [ 20 28 30 35 40 a 5 o 15 B % 30 35 40 ] 5 ] (] 20 25 30 35 40



Frequency

8

8

©
(=]

g

&
o

A
(=]

o

1981-1990 DJF

16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76
Latitude

Frequency

120

100

o0
o

g

'S
o

N
(=]

o

1991-2000 DJF

16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76
Latitude

Frequency

120

100

40

20

0

2001-2010 DJF

16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76
Latitude

Pattern of preferred latitudes is robust over
time, but with changing proportions
for each peak.

0-60°W, 16-76°N, 900-700hPa, zonal winds,from 20CR
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All regimes are not necessarily
represented in an individual season.

2009-10 an extreme example with a
large number of days representing
the southern regime. Cold winter in
W Europe and E USA.

A negative NAO prevalent

2013-14 an extreme example with a
large number of days representing the
northern regime. Mild, very wet and
Stormy in UK(but not the US!)

A positive NAO prevalent
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