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Mountain glaciers react sensi-
tively to changes in atmospheric tem-
perature because of their proximity 
to the melting point. In fact, glacier 
shrinkage resulting from atmospheric 
warming is of highest significance not 
only as a key indication of ongoing 
change but also with respect to im-
pacts at larger scales (sea level, river 
discharge, landscape change, tourism, 
natural hazards). The Global Terres-
trial Network for Glaciers (GTN-G) 
operated by the World Glacier Moni-
toring Service (WGMS) is a pilot 
project within global climate-related 
monitoring programmes. It follows a 
hierarchical observing strategy which 
attempts to link detailed process stud-
ies at one extreme with global cover-
age by satellite imagery at the other. 
The glaciers of the European Alps are 
documented by an especially long and 
detailed record of measurements.

Between the middle of the 19th 
century, the end of the «Little Ice 
Age», and the glacier inventories 
compiled during the years around 
1970, the glaciers in the European 
Alps have lost about 30 to 40% in 
surface area and around 50% in ice 
volume. During the last two dec-
ades, glacier mass balances in the 
European Alps were considerably 
more negative than the mean secular 
average as derived from comparison 
with historical high-precision maps 
and from cumulative glacier length 
change. Preliminary analysis of lat-
est satellite-derived information 
about glacier areas in the Swiss Alps 
reveals an average area loss between 
1985 and 2000, which is even faster 
than previously estimated for average 
scenarios of continued atmospheric 
warming. The ice cover may, in fact, 
have lost about 25% of its volume as 
estimated for the 1970s. The exstreme 
heat in summer 2003 even eliminated 
5 to 10% of the remaining ice volume 

within one year.
With continued acceleration of 

atmospheric warming as expected 
in realistic greenhouse scenarios for 
the coming decades, roughly half the 
Alpine glacier volume still existing 
around 1970 could be lost before the 
year 2025. This may lead to strong 
irritations in human perception of 
high-mountain landscapes and could 
be accompanied by marked changes 
in the water cycle, in the dynamics of 
surface processes and in living condi-
tions. The example of glacier-related 
hazards illustrates that the historical-
empirical knowledge basis looses 
more and more its significance and di-
rect applicability. It must be complet-
ed if not replaced by transdisciplinary 
concepts of robust spatial modelling 
and systematic monitoring in a hierar-
chy of scale, resolution and sophisti-
cation levels. Thereby, advanced tech-
nologies (remote sensing, geographic 
information systems, geophysical 
soundings, numerical modelling) are 

of fundamental importance. Corre-
sponding concepts and methodolo-
gies have been developed in a number 
of research programmes funded by 
the Swiss Federal Government since 
the catastrophe of Mattmark in 1965. 
Such approaches are increasingly ap-
plied in other parts of the world: the 
succes of their application, however, 
critically depends on the willingness 
of the involved political authorities to 
make use of their advantages.
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Figure 1 Ghiacciaio del Belvedere, Italy, with moraine-dammed and 
supraglacial lake (July 2002)
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Web-info
Global Climate Observing System:  

http://www.wmo.ch/web/gcos/

gcoshome.html
World Glacier Monitoring Service: 

http://www.geo.unizh.ch/wgms/
glacier hazards in Switzerland:   

http://www.glacierhazards.ch/


