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| “Long term I'm worried about g[obal warming—
short term, about freezing my ass off.” ‘

The New Yorker
- Boston
storms during winter 2015
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We've put ourselves in a real pickle...
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—



Variations of the Earth's surface temperature

Northern hemisphere, Departures in temperature (C) from the 1961 to 1990 average
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Year-by-year data from thermometers
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EVidence lmpllca'hng ~ | Solar + volcanic

(patural)
humans >
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Modeled

Temperature anomaly ("C)

One of our best tools:
computer programs
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. Year
that simulate the

complex physics of 10

the atmosphere,

ocean, show, ice, and

land and all the

forces acting on
hem.
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And the atmosphere is gaining moisture...

; "|Global specific humidity

..providing more fuel
. to energize storms, a
g
" stronger greenhouse
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e,
| gl

— a——and.an_increased
frequency of heavy
. precipitation events.
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Sea ice is now a mere shadow of for'mer self...
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Arctic sea ice extent (million square kilometres)
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The Arctic is

- warming 2-3
~" times faster

than'the rest
of the globe

Ice extent September 2012



"Arctic Amplification”

Near-surface air temperature (Fall)
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Arctic Amplification

Not confined to surface!

250 hPa = : e ’
g s g ha = Height changes
- Temperature changes
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Air flows down this “hill", turns
to the right as the Earth spins,
and creates the Jet Stream

As the Arctic
warms faster, the
hill flattens, and
the jet stream
weakens




West
Winds are

Weakening...

“"Weaker
Westerly
Wind is
Wavier"
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Graphics by John Garrett for SkepticalScience.co




Why do we care about these waves?
The Jet Stream makes our weather

NASA Jet Stream (7 % O 00
stormy  settled



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

Arctic
Amplification

Poleward
temperature
gradient weakening

Upper-level
westerly winds
decreasing

Upper-level flow \|
becoming more i
O I I I . 1\ meridional ’

The mechanisms
are emerging...

: Amplified patternsT .
more frequent

_____\_} '

Francis and Vavrus, 201z

Larger waves
Drogress eastward

More persistent
weather patterns
extremes more




Wind at 250 millibar
May 14, 2014




A "topographic map” of a layer
in the atmosphere
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5 : Amplified patterns | High- Amplitude Patterns (

more frequent
| J 500 hPa contour range > 35° lati




Are very wavy jet-stream patterns
really happening more often?

Fall (Oct-Dec) North Atlantic

. High-amplitude waves\
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Change (%) in frequency of high-amplitude pattern
1995-2013 versus 1979-1994

30 - 150E
Pacific
150 - 240E

Northern
Hemisphere

-39 to 30% -29 to 20% -19 to 10%
10 to 19% 20 to 29% 30 to 39%

Francis and Vavrus, 2015 *>1SD, **>2SD
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Do recent extreme weather eve
patterns fit this story?
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% W - early February 2015



March ,2 4

% 8 WA - “AVERAGE
R D PATTERN
Accuweather 'rgi THIS, WINTER




ECMWF 500 hPa Geopotentiol Height [x10 gpm] & Anomaly [gpm]
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Land & Ocean Temperature Departure from Average Jan-Dec 2014
(with respect to a 1981-2010 base period)
Data Source: GHCN-M version 3.2.2 & ERSST version 3b

u= NOAA's National Cimatic Data Certer Degrees Celsius Please Note: Gray areas represent mssing data

Mon Jan 12 19:34:34 EST 20158 Map Projection: Robinson



YES! - In At Least 5 Ways

The Arctic was MUCH warmer than normal Was block sfreng'rhened
extended northward, or
prolonged by warm Arctic?
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Summary

Arctic warming.

Zonal wind S00hPa SON-6ON [ms)
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January 2015 is
warmest January
oh record.
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