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Boundaries of the Arctic
Arctic Circle
AMAP
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AMAP Climate Assessments - leads
Status, Feedbacks & Forecast: Russia & USA

Land ice: Canada, Denmark/Greenland,
Russia & USA

Sea ice: Canada, Norway & USA
Permafrost: Russia & USA
Snow: Canada

Arctic Freshwater Synthesis: Canada

Ocean Acidification: Norway & USA
SLCF: - BC & Ozone: Norway & USA

Jwww.amap.no, - Methane: Canada & USA 3




Arctic (temperature) Amplification:
2-3 times changes in Mid-latitudes
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Fowler/Maslanik
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Based on satellite observations; from J. Maslanik, C. Fowler, Univ. Colorado
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Pacific Arctic Ocean Heat Storage
Sept. 12-13, 2011
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Chukchi Sea

Number of months of ice
cover from IPCC Models
(more than 15% ice
concentration)

Ice Free:
Shift from 2-3 Months to

4-5 months by 2030
Winter still wins!

Wang and Overland in press



Normal “POLAR VORTEX" of west to east flowing

winds traps cold air in the Arctic: |
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June Snow Cover 2012 relative to 1971-2000

June 2012
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Projected mean change (%) in snow cover from 16 CMIP5 models for

rcp85
Annual maximum monthly SWE




Northern

Alaska
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Soil carbon [kg/m2]

00-20
21-40
41-75
7.6-125
B 125-200
m Permafrost thawing by 2100
20.1-34.0 ;
— Rivers
- 34.1-50.0 /- Large lakes
- >50.0 | 180 ‘:l Glaciers & Ice sheets
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Radar Altimetry

Johannessen et al., 2005

Zwally et al, 2005 [SRALT]

Laser Altimetry
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Krabill et al., 2004 [ATM]

Thomas et al., 2006 [ATM + GLAS]

Slobbe et al., 2009 [GLAS,
density range +300 kg/m?]

Mass Budget

Rignot and Kanagaratnam,
2006 [INSAR + SMB]

van den Broeke et al,, 2009
[SMB + InSAR]

atellite Gravity (GRACE)
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Luthke et al, 2006
[GRACE/MASCON]

Chen et al,, 2006 [GRACE]

Velicogna and Wahr, 2006
[GRACE]

Velicogna, 2009 [GRACE]

Ramillien et al., 2006 [GRACE]

Wouters et al., 2008
[GRACE/EOFfilter]

Slobbe et al, 2009 [GRACE,
CNES/CSR/DEOS/GFZ range]

Baur et al,, 2009 [GRACE, CSR/

GFZ/JPL products, see Table 8.4
for range]

Velicogna, GRL, 2009




Key Findings: Ocean Chemistry

Key finding 1

Arctic marine waters are
experiencing widespread and
rapid ocean acidification

Key finding 2

The primary driver of ocean
acidification is uptake of carbon
dioxide emitted to the atmosphere
by human activities

Key finding 3
The Arctic Ocean is especially
vulnerable to ocean acidification

Key finding 4
Acidification is not uniform across
the Arctic Ocean

H+

(moles per liter)
6.3x10°®
5.0x 10°®
4.0x10°%
3.2x10°%
2.5x10%

2.0x10°®
1.6 x10*®
1.3x10*
1.0x 10*
7.9x 10°
6.3x10°

>

change
in acidity
+900%
+694%
+531%
+401%
+298%
+216%
+151%
+100%

+58%
+26%

Average global surface
ocean pH has fallen
from a pre-industrial
value of 8.21 to 8.10,
corresponding to an
increase in acidity of
28.8%. Values of 7.8—
7.9 are expected by
2100, representing a
100-150% increase in
acidity (NOAA/PMEL)
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The charismatic Iosers:_WaI_rUS:
alves get separated from their mothers;
Haul-outs are on land
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Decline in Arctic Multiyear Sea Ice Coverage 40 %
Since 1980 (Red)
Arctic is Now Mostly First Year Sea Ice(Blue)

« 70 % Loss in Sea Ice Volume since 1980
One Way Trip!
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Climate changes appears to increase the north-south range of
the Jet Stream and slowing, even locking sometimes, it
position over the northern hemisphere

Sandy Pinned & Pushed Wes

Pushed
into
coast

~ SANDY

Source: Climate Central




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 3= 293 gpm




GLOBAL WARMING THE NEW PICTURE

TEMPERATURE CHAMNGE SINCE 1280

- MET OFFICE GLOBAL AVERAGE TEMPERATIURES ESTIMATE
B MNEW FIGURES TAKING INTO ACCOUMNT FRESH ESTIMATES FOR THE ARCTIC SURFACE

“C
0.7 Trend over
the past 16
years in the
0.6 respective
5, data
0.5 "F__'a-l
0.4
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0.2
0.1
0
-0 | l L L 1
1980 1985 1950 1995 2000 2005 2010
0.312°C The Met Office has
rise per decade temperature observations for

only 8% of the planet

0.05°C
rise per decade

MET OFFICE NEW FIGURES

SOURCE: KEWVIM COWTARM AMND ROBERT WAY



ARCTIC FRESHWATER SYNTHESIS

Components & Key Issues

ATMOSPHERE

Scientific
Steering
Group

* S-N “atmosphenc
rnvers
* Poleward Increases in

Sponsors precipitation

v
CliC .
‘ Arctic effects on mid-
?
‘*'!s‘

latitude hydroclimates
and extremes (e.g
floods/droughts)

+ Resultant freshwater
feedbacks to the Arctic

Dlagram by:
Terry Prowse

* F\W effects on, and
contributions from,
sea ice growth/ablation

» Controks of FW storage
and release within the
Arctic Ocean

« FW pathways and
constrictors (e.g., GIS)

TERRESTRIAL
HYDROLOGY

* Hydroclimatology of
contnbuting catchments

« Changes In s10r8Qe

o Sol moisture regimes

effects of permafrost thaw

Contributions from
shrinking cryosphere
{(e.g., glaclers/small ice
caps/GIS)

River flow

Floods (open-water &
ice regime)
* Droughts

TERRESTRIAL
ECOLOGY

« Effects of water budget
changes on vegetation
regemes (greening)

* Related cimatic effects:
&.g., vegelation changes
on radiation regimes/
source sink relationships
for lrace gases

Effects of F\W/
cryosphere changes on
lentic and lotic ecology/
productivity

RESOURCES

« Sustainability of water
&

supply for industrial
development and

communites

» Threats from extremes

e.g. floods/droughts on

and

+ Engineering/design

challenges with
changing FW/
cryosphere regames




Barents Sea sea ice extent, 10° kmy?
Too Much Summer Sea Ice

| o
due to weak ocean currents
1.0 7
B
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=== QObserved (+20% confidence limits) __ CMIP3 model estimates

Figure 3.7. Seasonal cycle of seaice in the Barents Sea according to various
CMIP3 models. Note that most models show too much sea ice coverage.
Source: modified version of figure 3 from Overland and Wang (2007).



Contributions of various feedbacks to total Arctic

warming in climate models
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Pithan and Mauritsen, 2014, Nature Geoscience
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