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Since the early 1980s, annual average arctic sea ice has decreased in extent between 3.5%
and 4.1% per decade, has become thinner by between 4.3 and 7.5 feet, and is melting at
least 15 more days each year. September sea ice extent has decreased between 10.7% and
15.9% per decade. (Very high confidence) (Ch. 11)

+ Arctic sea 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). (Ch. 11)

+ 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). (Ch. 11)
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Please remember that Very High Confidence of 11-16% Arctic Sea Loss per decade,
previous page
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September sea ice extent and age shown for (top) 1984 and (middle) 2016, illustrating
significant reductions in sea ice extent and age (thickness). The bar graph in the lower right of
each panel illustrates the sea ice area (unit: million km*) covered within each age category (= 1

year), and the green bars represent the maximum extent for each age range during the record.
Perennial Sea Ice Area by Age . . _ . C - .
paigons 1984 The year 1984 is representative of September sea ice characteristics during the 1980s. The
zs | years 1984 and 2016 are selected as endpoints in the time series; a movie of the complete time
series is available at http://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=4489. (bottom) The satellite-
era arctic sea ice areal extent trend from 1979 to 2016 for September (unit: million mi2). From
Figure 11.1 in Chapter 11.
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September Sea Ice extent in millions of square miles.
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The years 1984 and 2016 are selected as endpoints in the time series; a movie of the complete time series is
available at http://svs.gsfc.nasa.gov/cqgi-bin/details.cqgi?aid=4489. (bottom)

The satellite-era arctic sea ice areal extent trend from 1979 to 2016 for September (unit: million mi2).
From Figure 11.1 in Chapter 11.
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September Sea Ice extent in millions of square miles.
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This time domain is 36 years. Why did they choose this time interval?
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Topography of the Arctic

Image from the United Nations
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asking for the high resolution version
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Drift Ice in the Arctic
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S Open Water in 1987, at the North Pole, 32 years ago to the day
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Bond Cycles Dominate Climate in Arctic, Northern Hemisphere
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From the Danish

Meteorological Institute:

Arctic Ice

Sea Ice Coverage
Sea Ice Thickness

Arctic Sea Ice Volume

Greenland

Surface Mass Balance

{2 e DM
®

® Danish Meteorological Institute

Modelled Arctic Sea Ice

Home

Forecasts and observations

Research and development Arctic Contact

Modeled ice thickness and
volume

The plots show maps with sea
ice thickness, and seasonal
cycles of the calculated total
arctic sea ice volume. The
mean sea ice volume and
standard deviation for the
period 2004-2013 are shown
with gray. The figures are based
on calculations using DMI's
operational ocean and sea ice
model HYCOM-CICE.
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There is a factor of five or so between

maximum Arctic ice extent
(late April)

And the minimum
(around 11 September)
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® DMI Analysis of average temperature north of 8ON

. ,
(ib) Arctic Temperatures
s ® DMI Daily Mean Temperatures North of 80 degree North.

® Danish Meteorological Institute

Home Forecasts and observations Research and development Arctic Contact - -
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Sea Ice Thickness, 29-Apr-2019

Arctic Sea Ice Volume, 29-Apr-2019
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Sea Ice Thickness, 15-May-2019
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Anomalies and Trends of Sea-Ice Extent and Atmospheric Circulation in the Nordic Seas during the Period 18641 1998

Feb 2001 TorgnyVinje Norwegian Polar Institute, Oslo, Norway
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April ice extents
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Figure 2. Map showing maximum (April) sea ice extension in the Atlantic sector of the Almtieggian Polar Institute 2000
The map is based on a database on-meaextension in the area during the past 400 years, largely derived from written rect
found in ship logbooks.
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The data plainly show that the 2019
Arctic sea ice volume in March, 2019

was greater than that in 2017 and 2018.

What do longer time series show?
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https://realclimatescience.com/2019/04/arctic-sea-ice-continues-to-grow-2/

MASIE  Multi-sensor Analyzed Sea Ice Extent - Northern Hemisphere
MASE Arctic Sea Ice Extent from the (US) National Snow and Ice Data Center
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The Danish Meteorological Institute has about the same result as NSIDC

DMI Arctic Sea Ice Volume
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https://rclutz.files.wordpress.com/2015/12/segce-oscillationl.jpg
The Climate System is Sé€liscillating: Sea Ice Proves It.

Ocean Water Structure Arctic Ice Extent
Changes Changes

Atmospheric Circulation
Changes
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Greenland



Glacier Girl
https://en.wikipedia.org/wiki/Glacier Girl

On 15 July 1942, due to poor weather and limited visibility,
six P-38 fighters of 94th Fighter Squadron/1st FG and two
B-17 bombers of a bombardment squadron were forced to
return to Greenland en route to the British Isles during
Operation Bolero. The aircraft were forced to make
emergency landings on the ice field. All the crew members

were subsequently rescued. However, Glacier Girl,
along with the unit's five other fighters and
the two B-17s, were eventually buried
under 268 feet of snow and ice that had
built up over the ensuing decades.

268 Ft in Fifty yearséover
That may be 50 ft of snow per year, using 10 ft snow=1 ft Ice

Glacier Girl being disassembled under 268 ft of Ice in 1992
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Greenl anddés Surface Mass Balance (SMB) change30August. ev e

2017 in Royal Blue 2018 is in Aqua

https://web.archive.org/web/20170831040633/https://www.dmi.dk/en/groenland/maalinger/greenland-ice-sheet
-surface-mass-budaget/
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Bottom: The accumulated surface mass balance from September 1st to now (blue line, Gt) and the season
2011-12 (red) which had very high summer melt in Greenland. For comparison, the mean curve from the period
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https://realclimatescience.com/2019/04/another-greenland-hockey-stick/

This graphic from the Danish
Meteorological Institute

plots the accumulated surface
Mass balance, in gigatons, Gt,

of Greenl and©os surBQOa(

1 September to the next 30 August.
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Another Greenland Hockey Stick

Posted on April 16, 2019 by tonyheller

Greenland has gained nearly 100 billion tons of ice so far this month.
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Alaska



http://soundwaves.usqgs.gov/2001/07/glacierbaymap.qif
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Maxi mum retreat of Gl acier Bayodos Gl aciers was |
Increase in CO2.
Where is the CO2 signal in these data?

Retreat of Glacier Bay's Glaciers:
melting rate, miles per decade
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At 4: 46 fiwe see sinking villages i n Al askaeéeUp 1in
ground, with houses tumbling into the seaebo

,. p -

This manufactured home was placed on the barrier island at Shishmaref Alaska



http://research.jisao.washington.edu/pdo/

Top: Pacific Decadal
Oscillation Index

from the University 1k
of Washington.

0
Bottom. Alaska annual -1
Temperature Trends from |
the University of Alaska.
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PDO indexlvalues: January 1900 - January 2017
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Controlled by the Pacific
Decadal Oscillation.
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http://research.iarc.uaf.edu/multidecadal variability/ocean.php?img=Slide21.ipg#fiq
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Long term increase in global temperature, the red line, appears to be an artifact of the 1000-1500 year Bond Cycles.
The blue line shows the Arctic Temperature time series, present Arctic Temperatures were exceeded in the 1930s.
There is a 60-year temperature periodicity in the Arctic temperature.

NCA4 DELIBERATELY chose the 36 year period 1980-2016
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Figure 7.20: (a) Northern Hemisphere, and (b) Southem
Hemisphere sea-ice extent anomalies. Data from NOAA (USA).
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