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 1: Global sea level rise



ESA / GlobCover

 1: Global sea level rise



 2: Glaciers are an important water resource

R. Frauenfelder



 3: Glaciers are excellent climate indicators

www.swisseduc.ch  / J. Wolff

1972 - 2007



 3: Glaciers are excellent climate indicators

GoogleEarth / Spot Image



 4: Glaciers can be dangerous

1996 E. Kalt
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 1: Glaciers are often at very remote places

ASTERASTER



 2: Glaciers are sometimes at very insecure places

Int. SpaceInt. Space
StationStation



 2: Glaciers are sometimes at very insecure places

GoogleEarthGoogleEarth



10 km
ASTER

 3: There are just so many glaciers



 3: ... and some are huge

10 km



 3: ... and some are huge

AVHRR / USGS
4500 km



 4: Political and resource problems

•  Lack of funding for glacier monitoring

•  Instable political or administrative situations

•  Lack of expertise

•  Research focus

•  Problems in maintaining time series

•  ...
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 1: Repeat optical images



10 km
Bhutan, Tibet (ASTER)Bhutan, Tibet (ASTER)

 1: Automatic classification of optical images
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 1: Reflectivity of snow and ice





10 km



Paul et al.

 1: Swiss Alps 1973-2000



F. Paul

 2: Swiss Alps

Int. Space Station



F. Paul

 2: Swiss Alps 1995

F. Paul
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 2: Swiss Alps 1850

F. Paul



 2: Satellite stereo / Glacier geometry and volume



ASTER 3 N adir



ASTER 3 B ackward



Tasman
glacier,
NZ

25 km

Mt. Cook
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 2: Satellite stereo / Glacier geometry and volume



10 km
Bhutan, Tibet (ASTER)Bhutan, Tibet (ASTER)

 3: Glacier flow



 3: Glacier flow Jan 2001



 3: Glacier flow Nov 2001



 3: Glacier flow / Correlation of repeat images



Great !
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 4: Synthetic aperture radar (SAR)



 4: Synthetic aperture radar (SAR)



 4: Synthetic aperture radar (SAR)



 4: Synthetic aperture radar (SAR)



 4: Synthetic aperture radar (SAR)



 4: Synthetic aperture radar (SAR)



 4: Synthetic aperture radar (SAR)



 5: SAR interferometry



 5: SAR interferometry



 5: SAR interferometry



 5: SAR interferometry



 5: SAR interferometry



 6: Satellite altimetry



 6: Satellite altimetry (radar)

J. Bamber 1992 – 2003    (Johannessen et al.)



 6: Satellite altimetry (laser)
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 6: Satellite altimetry (laser)
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ESA Eduspace Glacier Module:
•   Introduction to glaciers

•   Remote sensing of glaciers

•   Exercises

•   GoogleEarth file 
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