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swisseduc.ch (J. Alean)!

1.  The new IPCC report 

2.  Glacier observations 

3.  Changes in length 

4.  Randolph Glacier Inventory 

5.  Area and volume changes 
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The new WGI IPCC report (AR5) 
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Cryosphere in IPCC AR5: Authors & Results 
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IPCC AR5: The global cryosphere 

IPCC (2013) IPCC (2013) 
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Each glacier is individual 

Alean 
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Different methods are used to determine changes 

•  Compilation of a globally complete glacier inventory 
•  glacier area and volume, spatial extrapolation, future development 

•  Overall contribution to global slr (in-situ, dDEMs, altimetry)? 
•  Separating the local glaciers on Greenland from the ice sheet 
•  What is going on in High-Mountain Asia? 

Key research questions for AR5 

IPCC (2013) 

8/28 

Fluctuations on a millennia to decadal time scale 

Example Pasterze: 
!L: -1250 m / 125 a = -10 m/a, 
!T: +1.25 °C / 125 a = +0.1 °C/10 a 

Cumulative length changes (Alps) 
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Global length changes 
•  Largely globally homogenous retreat 

at the millennia time scale (km range) 
•  Intermittent phases of re-advance in 

several regions at decadal time scale 
•  Some glaciers exhibit special 

conditions (calving, surging, debris) 
•  Quantitative values not to be averaged 

only possible for general trends 
•  Signal comes from mountain glaciers  

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

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

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

IPCC (2013) 
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2003: Poor conditions 

1985: Good conditions 

will disappear 

ok 
has dis- 

appeared 

How does this look like in reality? 

TM1985"

Taelligl.!

ASTER 2004"

Taelligl.!
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Creating a glacier inventory 

GIS based analysis 

Inventory Alps 

Paul et al. (2011) 

Paul 

TM3 

TM5 

Paul and  
Hendriks 
(2010) 

Ratio 

glacier 
debris 
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The RGI is a merged product: Example HMA 

Glaciers_cci 
(2013) 
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The Randolph Glacier Inventory (RGI) 

IPCC (2013) 

South Georgia Glaciers_cci 
(2013) 
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The Randolph Glacier Inventory (RGI) 

•  170,000 glaciers worldwide covering 730,000 km2 

•  Volume of about 170,000 km3 or 41 cm SLE 
•  Numbers will change through RGI updates 

IPCC 
(2013) 
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Quality issues in some regions need to be solved 

Patagonia 

Tien Shan addressed in CCI 

reworked for RGI 3.0 

Glaciers_cci (2013) 
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Where is the boundary of the Greenland ice sheet? 

Paul (2011) 
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Greenland: separating the GIC from the GRIS 

Rastner et al. 2012!

Area of local GIC is 50% larger than assumed 
Rastner et al. 2012!

21000 glaciers 
were mapped 

Three connectivity levels were assigned: 
CL0: no connection, CL1: weak, CL2: strong 
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Mean glacier area change rates 

•  Net area loss in all regions investigated 

•  High variability in each region (different samples) 
•  Regions 2, 11, and 16 with more negative values 

IPCC (2013) 
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1 km 

Area changes in Patagonia: 1985-2000-2014 

Glaciers_cci 
(2014) 
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Mass changes 
•  Predominantly 

negative values 
•  Accelerated loss in 

the past decades 
•  High interannual 

variability in most 
regions (pentads) 

•  Different methods 
(field, ICESat, 
dDEM) mostly in 
good agreement 

IPCC (2013) 
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Greenland: ICESat, Karakoram: DEM differencing 

Gardelle et al. (2013)!

DEM differencing 

Bolch et al. (2013)!

Altimetry 
(ICESat) 
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Elevation changes in High Mountain Asia 

Gardner et al. (2013)!
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Contribution of glaciers to sea level change 

IPCC (2013) 
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Some key findings ... 

• The RGI lists about 170,000 glaciers covering an area of 
730,000 km2 and a volume of 170,000 km3 (41 cm SLE). 

• The area of the glaciers on Greenland (CL0 and 1) is about 
50% higher (total 90,000 km2) 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 

28/28 

© Yann Arthus-Bertrand / Altitude  

Further Information 

www.climatechange2013.org 


