Arctic Feedbacks on Climate Change

Thanks to Melissa Burt, Mark Branson & Abby Ahlert
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Observed Arctic Temperature Trends

1989-2008
a - T T b "—I'_______!~. T T
| . T . o
400 . Winter { 400 Spring -
600 600
800 800 . 7
1,000 1,000 1
. I ir
g ¢ C 0
T 90° 80° 70° 60° 50° 40°  90° 80° 70° 60° 50° 40°
6 T T - T T
E" c ‘U s d
400F £ osummer ),
600 1 600
800 |, < 800
1,000 - ik 1, 1,000
--——"""'"_ _1
I o

o

90° 80° 70° 60° 50° 40° 90° 80° 70° 60° 50° 40
Latitude north

-1.0 -0.5 0.0 0.5 1.0 15 2.0 2.5
Temperature trend (°C per decade)

Screen & Simmonds, 2010



Predicted warming over the 21st century
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NSIDC Arctic Sea Ice Extent
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CMIPS5 results
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Reflects sunlight

Blocks heat exchange between
the ocean below and the air
above




The Ice & Snhow Albedo Feedback

Feedback Loop between Sea Ice, Surface Albedo, and Warming
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This feedback is at work during the summer months,
until the summer ice melts.



e is another feedback that works
- where the sun don’t shine.
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® 25-year spinup simulation holding all
trace gases constant at Pl

® Followed by 1% per year COz
increase

® CO; held constant at | 139 ppmv for
200 years

® SP-CESM 10-year sim started from
end of CESM 4xPI

Experiment was designed in collaboration with Eli Tziperman (Harvard) and Dorian Abbot (U. Chicago).



The Arctic warms up.

Arctic Mean Surface Air Temperature 4x-spinup
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Sea ice melts.

Arctic Mean Sea Ice Fraction 4x-spinup
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Sea ice volume decreases.

Arctic Mean Sea Ice Volume
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Water vapor increases.

Arctic Mean Precipitable Water 4x-spinup
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The Arctic gets cloudier.

Arctic Mean Total Cloud Amount 4x-spinup
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Absorbed SW increases in summetr.

Arctic Mean Sfc Absorbed Shortwave Flux 4x-spinup
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Net LW at surface does not change much.

Arctic Mean Net Longwave at Sfc 4x-spinup

B [ I

May

Apr 5 W/m?

Mar
Feb

Jan

Dec

Month

Nov 0 W/m?

Oct

Sept
Aug

Jul

Jun -4 W/m?

0 50 100 150 200 250 300

Year
I | [ T

100 140 180 220 260 300 340 380 420 460 50.0
W/m?

70-90N



Downwelling LW at surface gets stronger.

Arctic Mean Sfc Downwelling Longwave Flux 4x-spinup
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2m Temperature (K)

4xCO;, - CTL

CTL

November

| [ I IR S i I
2 4 6 8 1012 14 16 18

| |
220 230 240 250 260 270 280 290

| | L ‘
20 22 24 26 28 30



Sea Level Pressure (hPa) November
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Arctic Mean Surface Air Temperature Diff (Ocn/lce minus Land)
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Low Cloud Fraction November
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Wintertime longwave feedback
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Arctic Winter Monsoon
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Ice thickness at the
end of winter
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Month

Happens with CESMS5.

CESM-CAMS5 Arctic Mean Sfc Downwelling Longwave Flux
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Happens in lots of models.
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CCSM4 RCP 8.5 Arctic Downwelling Longwave Radiation (70-90N)
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A bit stronger with SP-CESM.

SPCESM-CESM 4xPI: Sea Ice Area (%)




SPCESM-CESM 4xPI: Sfc Downward LW Flux Difference (W/m?)
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SPCESM-CESM 4xPI: Precipitable Water Difference (kg/m?)
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Conclusions

The surface albedo feedback is only
part of reason for polar amplification.

An important longwave feedback
works all year round.

Fall and winter are key to Arctic
climate change.




