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Where to get sound information about climate change? 
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http://www.climatechange2013.org/ 



How much glacier ice is out there? 

!!
!!

 
About 200,000 glaciers 

 
with about 0.5 m 

potential contribution 
to sea level rise 
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Contribution of glaciers and ice sheets to sea level change 

!!
!!
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How (fast) are glaciers changing? 

!!
!!
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Gardner et al. (2013) 



1: Zermatt, 
    1,600 m asl 
 
2: Rotenboden,  
    2,800 m asl 
 
3: Stockhorn Stat., 
    3,400 m asl 
 
4: Colle Gnifetti, 
    4,450 m asl 
    Capna Margarita,  
    4,554 m asl 
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by H. Machguth 

accumulation 
area 

equilibrium 
line 

The direct glaciological method 

outlines of observational network 

Photos: H. Machguth 
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on the glacier 

Stake drilling / Stake readings 

Photo: N. Salzmann 

Photo: S. Bircher 

by H. Machguth 
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Snow pits 

Photos: N. Salzmann 

Photo: H. Machguth 

by H. Machguth 
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mass balance (B) 2004/05 
B = -0.25 m w.e. 

-7.2 m w.e. 

-7.6 m w.e. 

-4.25 m w.e. 

-1.4 m w.e. 

1.0 m w.e. 

calculating mass balance 

by H. Machguth 
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Data  sources: WGMS 

2011 
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by P.C. Joerg 

Geodetic survey, e.g. Airborne Laser Scanning (ALS) 
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Hillshaded DEM OKT 2009 

by P.C. Joerg 
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by P.C. Joerg 

October 2005 October 2009 September 2010 

Hillshaded DEM of glacier tongue area 
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Data  sources: WGMS 
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Glacier fluctuations 

front variation observations and reconstructions, glaciological and geodetic balances 

2005-2010 

     < 2005 

obs. cover 

Zemp'et'al.'(in'prep)'

intro          distribution          changes          alps         conclusions 



Data  sources: WGMS, Jacob et al. 2012 

The Alps 
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Elevation changes from ICESat  

Gardner'et'al.'(2013)'
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Kääb'et'al.'(2013)'
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Elevation changes from ICESat  



How (fast) are glaciers changing in the Alps? 

!!
!!
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Gardner et al. (2013) 



Figure'based'on'data'from'WGMS'(2013)'
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WGMS'(2013)'

2013'

 
In 2012/13, some Alpine glaciers showed a 
  minor mass gain but continued frontal retreat 
  mainly due to a long and partially snowy winter 
  supported by some summer snow fall events. 
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  On a century scale, glacier shrinking is global, fast and accelerating 

  On a decadal scale, glaciers in various mountain ranges have shown periods of 
intermittent re-advances, as recently in Scandinavia and New Zealand 

  Regions with strongest glacier mass loss include the European Alps, Alaska, and 
the US-Canadian Pacific Coast Ranges. 

WGMS (2008) 

  Do not believe everything written in newspapers. 

  Even less believe the headlines. 

  Better double-check with reliable (because verifiable) sources, e.g. IPCC AR5. 
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Glacier crash course: glacier system 

!!
  

Winkler (2008) 

Haeberli (1998) 



Glacier crash course: climate-glacier process chain 

!!
  

CLIMATE 
ENERGY- / MASS-
BALANCE 

GEOMETRY 

TEMPERATURE 

ADVANCE / RETREAT 

Haeberli (1998) 

direct, undelayed 
signal 

indirect, delayed, 
filtered and 
enhanced signal 



World Glacier Inventory 

          World Glacier Inventory: mainly aerial photographs and maps around 1970s 

          GLIMS Inventory: mainly satellite images after 2000 

          Randolph Glacier Map: rough glacier outlines, rough time stamp, no attributes 



DCW 

GLIMS 

Fedtschenko 

Randolph (Global Glacier Map) 1.0 

Compiled to serve IPCC AR5 
  main purpose: global SLR modelling 
  by A. Arendt et al. from different source; 

mainly GLIMS, DCW, and WGI 
  no attributes, no time stamp (1950-2010) 
  final version available from GLIMS website 
  additional high-quality outlines to be 

incorporated into GLIMS database 

=> how to manage this task with 
the available resources?! 

WGI 

GLIMS 



UNEP'(2007)'



Zemp'et'al.'(in'prep)'



Zemp'et'al.'in'UNEP'(2007)'


