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‘Long term I'm worried about global warming... -
Short term, about freezing my ass off.” X

The New Yorker

s during winter 2015
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Extreme weather events are on the rise...

WORLD NATURAL CATASTROPHES, 1980-2014
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What do these extreme events
have in commoh?

They're caused by "stuck”
weather patterns.
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Evidence implicating
humans

1.0 "Solar + volcanic

(natural)
0.5 Observed ~
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Modeled

One of our best
tools: computer
programs -100

1900 1920 1940 196

- climate models - e
that simulate the =
complex physics of
the atmosphere,
ocean, show, ice,
and land and all the
forces acting on :
hem.
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Presenter Notes
Presentation Notes

Climate models are important tools for attributing and understanding climate change. Understanding observed changes is based on our best understanding of climate physics, as contained in simple to complex climate models. For the 4rth assessment report, we had a new and very comprehensive archive of 20th century simulations available. This has greatly helped.
This figure gives an example.
You see observed global and annual mean temperature in black over the 20th century compared to that simulated by a wide range of these models. On the top, in red, are individual model simulations and their overall mean shown fat, that are driven by external influences including increases in greenhouse gases, in aerosols, in changes in solar radiation and by volcanic eruptions. The observations rarely leave the range of model simulations. The trends and individual events like cooling in response to volcanic eruptions (POINT) are well reproduced. The fuzzy range gives an idea of uncertainty with variability in the climate system.


And the atmosphere is gaining moisture...
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Global average humidity

provndmg more fuel

AT ’pﬂfo energize storms,
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Nearly the entire surface of Greenland melted
for the first time in-at least 150 years
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Greenland Ice Mass
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[*of the worlds glaciers

Glacier

+

Arctic
w— Asian High Mountains
s NW USA+SW-Canada
Alagka+Coastal Mountains

S Patagonia
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960 1970 1980 1990

are melting...

Cumulative total mass balance
(millimeters sea-level equivalent)
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rctic Ice Loss Affecting

Ocean Currents?

: nber 215



Borehole temperatures 20 meters deep T
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Temperature at 20 m depth ( ‘e )
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DISCONTINUPU s
WPERMAFROSK

As permafrost
thaws, it releases
CO, and methane
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NASA Ice Age
Animation

Reconstructed sea ice extent

Modern observations







[Viean ice extent

1979-2000
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"Arctic Amplification”

Near-surface air temperature (Fall)
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Bensidz vadlayari o £ xaponain hidree |ayeztwilingef fhinkearbdmearm)
tbhamet AsatithizAdgtic.
Air flows down this “hill”, turns
to the right as the Earth spins,

®=w and creates the Jet Stream

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

A weaker jet isa
wavier jef.



When the waves are
small, they move
eastward quickly.

When the waves are
large, they shift
eastward more slowly.



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

Dry and Wet and
NASA Jet Stream  settled stormy






A “topographic map” of a layer
in the atmosphere

' High

<4 , \ elevation

elevation



Count days with big waves ‘

Jan 6 2014 “Attack of the Polar Vortex"



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

Fall (Oct-Dec) Northern Hemisphere

High-amplitude waves

Westerly wind speed
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The

"It Takes

Two to
Tango”

Hypothesis

The good old days...

Extra heating
elongates
wave, making
1T more
persistent.

Ice loss has no effect




Do recent extreme weather even
patterns fit this story?

e §

Boston -Elearly February 2015
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Summary

Arctic warming

Zonal wind 500hPa 40N-60N [m/s]

GFS Model

West winds
weakemng
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Oh, what a total bummer!

LOTS!
Many small things add up to big dlffer'ence5f '
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Very warm Arctic

“The Blob"

Steeper hi
Stronge

1997/98

November 1997 July 2015

We are sailing in uncharted territory...

It will be an “interesting” winter!
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ECMWF 500 hPa Geopotentiol Height [x10 gpm] & Anomaly [gpm]
INIT: 12Z02JAN2014 fx: [102] hr ——> Mon 1BZ0G6JANZO14




YES! - In At Least 5 Ways

The Arctic was MUCH warmer than normal Was blocking high strengthened,
- NOAA/ESRL Physical Sciences Division extended northwar.d’ or
: i prolonged by warm Arctic?
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Wezare sdiling in uncharted“territory™
It will be an “interesting” fall/winter!
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