o

% The Causes and Consequences of-a

o

Rapld\wahanglng Arctlc

Patrlck C Taylor
Climate Science Branch
NASA Langley Research Center
OneNOAA Seminar Series

August 16, 2018

U



Chukchi Sea

Shishmaref

Bering Sea

Anchorage
(o)

eaufort S¢

=

0]

urce: cnn.com

et

7

=

Shishmaref

?

GETTY IMAGES

&
w

GRERIEL BOUYS/AFP/AI

7 Land

oo Q
539
o 2

Espent]
o




What is the National Climate Assessment? What is the Climate

Science Special Report?
 As part of its mandate, USGCRP is charged with leading a quadrennial assessment

(ﬂ U.S. Global Change

of U.S. climate: The National Climate Assessment. AR

CLIMATE SCIENCE

* In an effort to provide a sustained assessment, the 4t SPECIAL REPORT
National Climate Assessment will be released in two g 7 s
volumes.

 The CSSR is an authoritative assessment of the science of
climate change in the U.S.

CSSR Stats:

63 Key Findings 470 pages

3 Coordinating Lead Authors 6 Reviews

32 Lead Authors 3 Review Editors
19 Contributing Authors

U.S. Global Change
o Research Program

http://science2017.globalchange.gov
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A rctic Changes and their Effect ‘i
on Alaska and the Rest of the ;
Umted States

The Climate Science Special Report
2 U. S Global Change Research Program

Chapter Lead: Patrick Taylor (NASA)

Lead Authors: J. Perlwitz (NOAA), D. J. Wuebbles (Univ. lllinois),
W. Maslowski (NRL)

Contributing author: J. Walsh (Univ. of Alaska) y

. https://science2017.globalchange.gov g
- ‘-.-.;--.., ) :’.5 i-; < A Yo «?ZFKT»’" ‘-._:\ : | z

7 p roource: NASA lceBridge




{ CSSR, Ch. 11 Key Finding 1:
1 Annual average near-surface air temperatures across Alaska and the Arctic have

temperature (very hlgh confldence)
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[CSSR, Ch. 11, Key Finding 2: l | N il 1 iy e e

30 —{ Normal Wells (12.0m)

Rising Alaskan permafrost

temperatures are causing permafrost

to thaw and become more

\| discontinuous; this process releases

additional carbon dioxide and

methane, resulting in an amplifying \

| feedback and additional warming

(high confidence). The overall

magnitude of the permafrost—carbon

\| feedback is uncertain; however, it is

b] clear that these emissions have the

{| potential to compromise the ability to
limit global temperature increases.
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Sea Ice Age

The character of Arctic sea ice has changed dramatically.
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CSSR, Ch. 11 Key Finding 3:
Arctic land and sea ice loss observed in the last three decades continues, in some cases
accelerating (very high confidence)....Arctic-wide ice loss is expected to continue

through the 21st century, very likely resulting in nearly sea ice-free late summers by the

2040s (very high confidence ).
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https://svs.gsfc.nasa.gov/vis/a000000/a004400/a004489/Yearly_Minimum_IceAge_withGraph_p30_1080p30.mp4
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Arctlc sea ice melt season has
f :\ Iengthened since 1979

AIn the Alaskan northern and western coast, the
season has lengthened by 20-30 days per decade
addlng up to 90 more sea ice free days annuaIIy
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GRACE Observations of Greenland Ice Mass Changes
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Average Mass Loss:
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Dramatic changes have
 Greenland Ice Loss occurred across the
(meters water equivalent relative to 2002)
g —— %s Greenland Ice Sheet,

particularly at its margins.


https://svs.gsfc.nasa.gov/vis/a030000/a030800/a030879/grace_greenland_720p.mp4

Figure 11.4
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CSSR, Ch 1'I Key Fmdlng 4

It is very likely that human activities have contributed to observed arctic surface

temperature warming, sea ice loss, glacier mass loss, and Northern Hemisphere snow
extent decline (high confidence).




CSSR, Ch. 11 Key Finding 5:

Atmospheric circulation patterns connect the climates of the Arctic and the
contiguous United States....the midlatitude circulation has influenced observed arctic
temperatures and sea ice (high confidence). However, confidence is low regarding

‘| whether or by what mechanisms observed arctic warming may have influenced the
midlatitude circulation and weather patterns over the continental United States....

Source: NASA IceBridge
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Processes influencing Arctic Amplification

eason

Ocean heat transport
into the Arctic

Warmer atmosphere leads to thinner
sea ice more vulnerable to melting

arm, Sun-lit s

,
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Warm, moist air advection into
the Arctic by wave propagation
from lower latitudes
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Seasonal energy transfer via
ocean mixed layer heat storage

Warm, moist air advection into
the Arctic by wave propagation
from lower latitudes

Cohen et al. (in review)

Ocean heat transport
into the Arctic




View animation



https://svs.gsfc.nasa.gov/vis/a020000/a020000/a020022/a010022_a010022_720p.mp4

View animation



https://svs.gsfc.nasa.gov/vis/a000000/a004200/a004245/SeaIceSolarAbsorptionChange.m4v
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Robert Rohde of
@rarohde

Replying to @rarohde
In 2018, there have already been 61 hours above freezing at
Cape Morris Jesup, Greenland.

The previous record was 16 hours before the end of April in
2011.

8:02 PM - Feb 25, 2018
) 157 () 180 people are talking about this

Source:https://www.theweathernetwork.com/
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https://c2.staticflickr.com/4/3726/31961327124_762a5f2af0_o.gif

A complete
picture of Arctic
Amplitication?

LWDN is the dominant
term contributed to
Arctic Amplification and
integrates the local and
remote mechanisms.

“®

Remote Mechanism

Boeke and Taylor (in review)

Local Mechanism

Warmer,
moister,
cloudier,
Arctic

Atmosphere

Non-polar
circulations
changes

APHT
LWDN
SAF
HSTOR
HFLUX

2222

Atmos. Poleward heat transport
Downward LW radiation
Surface Albedo Feedback
Ocean heat storage/transport
Surface turbulent fluxes



Are the interactions between local and
remote mechanisms most important?

Local Mechanisms Only Remote Mechanisms Only = Local+Remote Mechanisms

Sea ice concentration

Yoshimori et al. 2017
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L extent growth was
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Hegyi and Taylor (2018; GRL): The Unprecedented 2016-2017 Arctic Sea Ice
Growth Season: The Crucial Role of Atmospheric Rivers and Longwave Fluxes
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Projected Arctic Surface Temperature Warming (RCP8.5)

Annual Mean Winter (JF)  Sunlit (MAMJJAS) Autumn (OND)
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Largest
differences
between CMIP5
models occur in
fall and winter in
the Barents-Kara
Seas and the
Chukchi-
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regions.
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Projected Arctic Sea Ice Loss (RCP8.5)
Annual Mean Winter (JF)  Sunlit MAMJJAS) Autumn (OND)
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Projected Arctic Sea Ice Loss
(RCP4.5 vs. RCP8.5) 1985-2005 Average
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In recent decades, Alaskan wildfire activity has e
increased in both boreal forest and in the Arctic tundra
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in a changing Arctic...
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Source: NASA IceBridge
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Questions?

Source: NASA IceBridge





