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Headline Statements from the Summary for Policymakers *

. Warming of the climate system is unequivocal, and since the 1950s, many of the observed changes are unprecedented over
decades to millennia. The atmosphere and ocean have warmed, the amounts of snow and ice have diminished, sea level
has risen, and the concentrations of greenhouse gases have increased.
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Glaciers

Since AR4, almost all glaciers worldwide have continued to
shrink as revealed by the time series of measured changes in
glacier length, area, volume and mass (very high confidence).
Measurements of glacier change have increased substantially in
number since AR4. Most of the new data sets, along with a globally
complete glacier inventory, have been derived from satellite remote
sensing. {4.3.1, 4.3.3, Figures 4.9, 4.10, 4.11}

Between 2003 and 2009, most of the ice lost was from glaciers
in Alaska, the Canadian Arctic, the periphery of the Greenland
ice sheet, the Southern Andes and the Asian Mountains (very
high confidence). Together these regions account for more than 80%
of the total ice loss. {4.3.3, Figure 4.11, Table 4.4}

Total mass loss from all glaciers in the world, excluding those
on the periphery of the ice sheets, was very likely 226 + 135
Gt yr' (sea level equivalent, 0.62 + 0.37 mm yr') in the period
1971-2009, 275 + 135 Gt yr-' (0.76 + 0.37 mm yr-) in the period
1993-2009, and 301 + 135 Gt yr' (0.83 + 0.37 mm yr-') between
2005 and 2009. {4.3.3, Figure 4.12, Table 4.5}

Current glacier extents are out of balance with current climatic
conditions, indicating that glaciers will continue to shrink in the
future even without further temperature increase (high confi-
dence). {4.3.3}
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Changes in the Cryosphere

Frozen Ground

Frozen Ground: increasing permafrost tempera-
tures by up to 2°C and active layer thickness by up '\
to 90 cm since early 1980s. In the NH, southemn limit
of permafrost moving north since mid 1970s, and
decreasing thickness of seasonal frozen ground by 32
cm since 1930s.

Snow cover: between 1967 and 2012, sateliite data show
decreases through the year, with largest decreases (53%)
in June. Most stations report decreases in now especially
in spring.

Lake and river ice: contracting winter ice duration with
delays in autumn freeze-up proceeding more slowly than
advances in spring break-up, with evidence of recent
acceleration in both across the NH.

Glaciers: are major contributors to sea level rise. lce mass
loss from glaciers has increased since the 1960s. Loss
rates from glaciers outside Greenland and Antarctica
were 0.76 mm yr' SLE during the 1993 to 2009 period
and 0.83 mm yr’ SLE over the 2005 to 2009 period.

Ice Sheet

Sealce '°® Shf'l,/

Sea Ice: between 1979 and 2012, Arctic sea
ice extent declined at a rate of 3.8% per
decade with larger losses in summer and autumn.

Over the same period, the extent of thick multiyear
ice in the Arctic declined at a higher rate of 13.5% per
decade. Mean sea ice thickness decreased by 1.3 -
2.3 m between 1980 and 2008.

Ice Shelves and ice tongues: continuing retreat and
collapse of ice sheives along the Antarctic Peninsula.
Progressive thinning of some other ice shelves/ice
tongues in Antarctica and Greenland.

Ice Sheets: both Greenland and Antarctic ice sheets
lost mass and contributed to sea level change over the
last 20 years. Rate of total loss and discharge from
a number of major outlet glaciers in Antarctica and
Greenland increased over this period.

Contribution of Glaciers and Ice Sheets to Sea Level Change
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Different methods are used to determine changes

Key research questions for AR5
« Compilation of a globally complete glacier inventory
+ glacier area and volume, spatial extrapolation, future development

* Overall contribution to global sir (in-situ, dDEMs, altimetry)?
« Separating the local glaciers on Greenland from the ice sheet
* What is going on in High-Mountain Asia?
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. . Number of | Repeat A
Parameter Method Technique Typical accuracy Glaciers Interval Earliest Data
Various Reconstruction 10m Dozens Decad.al - Holocene
centuries
L Field In situ measurement m Hundreds Annual 19th century
Remote Sensing Photogrammetric survey Two image pixels (depending on resolution) Hundreds Aannual 20th century
Maps Cartographic 5% of the area Hundreds Decadal 19th century
Area change
Remote sensing Image processing 5% of the area Thousands Sub-decadal | 20th century
Remote sensing Laser and radar profiling 0.1m Hundreds Annual 21st century
Volume change
Remote sensing DEM differencing 05m Thousands Decadal 20th century
Field Direct mass balance measurement | 0.2 m >450 annually | Seasonal 20th century
Mass change
Remote sensing Gravimetry (GRACE) dependent on the region Global Seasonal 21st century
IPCC (2013)

Cumulative length
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How do glacier react to climate change?

Valley Glacier a
Mountain Glacier

Small Glacier

Before climate change

IPCC (2013)
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How do glacier react to climate change?

After climate change but before glacier readjustment PCC (2013)
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How do glacier react to climate change?
C

After readjustment to climate change pec (2013)
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How does this look like in reality?

1985: Good conditions
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The Randolph Glacier Inventory (RGI)

Region Region Name N;:::iee'r:f (I-:(r:s) ::::f:: :af f: a'gtei:v:t(:;) (mi’:iansnslm) (man)nu::flm) Mt(e:‘r:nS)LE
(Gt) (Gt)

1 Alaska 23,112 89,267 123 137 16,168 28,021 547
2 | Wester Canada 15,073 14,5035 20 0 906 1148 28
3 Arctic Canada North 3318 103,990.2 143 465 22,366 37,555 842
4 Arctic Canada South 7342 40,600.7 56 73 5510 8845 194
5 Greenland 13,880 87,1259 120 349 10,005 17,146 389
6 Iceland 290 10,988.6 15 0 2390 4640 98
7 Svalbard 1615 336729 46 438 4821 8700 19.1
8 | Scandinavia « 170,000 glaciers worldwide covering 730,000 km? | 06
8 | RussianArctic + Volume of about 170,000 km?3 or 41 cm SLE CEil 2
10 North Asia® 247 0.5
1 | central Europe * Numbers will change through RGI updates = o
12 | Caucasus 1339 11256 0.2 0 61 72 02
13 | Central Asia 30,200 64,497 8.9 0 4531 8591 16.7
14| South Asia (West) 22,822 33,862 47 0 2900 3444 9.1
15 | South Asia (East) 14,006 21,803.2 3.0 0 119 1623 39
16 | Low Latitudes® 2601 2554.7 06 0 109 218 0.5
17 | Southern Andes* 15,994 29,361.2 45 238 a4 6018 135
18 | New Zealand 3012 11605 0.2 0 n 109 02

IP1CsC ‘;‘::_’;‘::fc;‘i 3274 13,2267.4 182 9738 27,224 43,7112 9.3

(2013) | Total 168,331 726,258.3 385 113,915 191,879 4120

Quality issues in some regions need to be solved

Patagonla Here too much snow was ma7ed

> reworked for RGI 3.0
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Three connectivity levels were assigned:
CLO: no connection, CL1: weak, CL2: strong
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Relative area change rate (% yr')

Mean glacier area change rates
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Elevation changes in High Mountain Asia
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* The RGI lists about 170,000 glaciers covering an area of
730,000 km?2 and a volume of 170,000 km?3 (41 cm SLE).

» The area of the glaciers on Greenland (CLO and 1) is about
50% higher (total 90,000 km?) then previously assumed

» They contribute c. 30 Gt/yr to the total loss of about 220 Gt/yr
(2003-08), specific loss is as high as in the Alps (0.7 m/yr)

« All glaciers contribute about 1/3 to the observed SLR

» The spatial variability of elevation changes in High Mountain
Asia is very high (regionalization required)

 Glaciers in the Karakoram with mass gain are often
dynamically unstable (surge type)

* Glacier surface flow velocities have decreased globally

* Glaciers globally will continue to shrink in the future
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