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 Aletsch Glacier / Swiss Alps 

ISS



 Aletsch Glacier / Swiss Alps 

ca. 1900 2005

Alpinmuseum /  Gesellschaf t  für ökologische Forschung



Thickness loss: 
• 1850 - 1976: ca. -200 m (-1.5 m/yr)  
• 1976 - 1995: ca. -50 m (-2.5 m/yr) 
• 1995 - 2006: ca. -60 m (-6 m/yr) 
• 2018: terminus 
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 Multitemporal digital photogrammetry 

1976-2006:  0 .059 m/ yr

1976-1995:  0 .064 m/ yr

1995-2006:  0 .062 m/ yr14
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 SAR interferometry 

St rozzi et  al.
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 SAR interferometry 

St rozzi et  al.



 Mapping 

St rozzi et  al.



 GPS (2007 – 2008) 

St rozzi et  al.



 Multitemporal digital photogrammetry (1976-2006) 



 GPS (2007 – 2008) 

St rozzi et  al.
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 Multitemporal digital photogrammetry (1976-2006) 

max. 10 cm/yr 



Combinat ion ( “ Rast plat z” )

St rozzi et  al. 2012

[ cm/ year]



Werner et  al., EUSAR 2012

Rock mass movement  /  Alet sch Glacier /  Ground-based radar



Kos et  al., JGR 2016

Rock mass movement  /  Alet sch Glacier /  Airborne + t errest rial laser
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Strozzi, Delaloye, Kääb, et al. (2010) 
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 InSAR, Iceland 

PALSAR, 46 d, 2007 



 InSAR, Iceland 

PALSAR, 46 d, 2007 



 InSAR, Iceland PALSAR, 2007-2010 PALSAR, 46 d, 2007 2007-2010 46 d, 2007 



 Method matrix 

Glacier 
instabilities 





Landslides 
Lake 
outbursts, 
floods 

Snow 
avalanches 

Rock/ice 
avalanches 

Permafrost 
subsidence, 
heave, 
creep 

Image interpretation,  
change detection  
(ground-, air-, space-borne) 
 
Automatic classification, 
change detection 
(ground-, air-, space-borne) 
 
Stereo techniques 
(ground-, air-, space-borne) 

 
Offset tracking 
(ground-, air-, space-borne) 

 
Radar interferometry 
(ground-, air-, space-borne) 
 
Altimetry, laserscanning 
(ground-, air-, space-borne) 















Snow avalanches

Kääb et  al., Nat ure 
Geosc., 2018
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Snow avalanches



Eckerst orfer et  al., CRST 2016

Snow avalanches
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Lugge Tsho (Bhut an) : 7  Oct  1994, 28mio m3, >20†
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Aut omat ic det ect ion of  
glacier lakes

Gardelle et al. GPC 2011 



Spring f loods, Norway, 2018
Repeat  Sent inel-2
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Glacier flow instabilities 

E. Kalt 

Ice avalanches Glacier surges 

Glacier collapses 
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Ice avalanches 
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-5 to -10°C

0 to -5°C

I. Galushkin 

 Permafrost - ice - geology interactions  



 Rock/ice avalanches (e.g. Huascaran, 1970)  

T. Hatakeyama 

G. Plafker 
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8282International Space Station / Uragan

Caucasus/ Kazbek, 20 Sept ember 2002  
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Caucasus/ Kazbek, 20 Sept ember 2002   

I. Galushkin 
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I. Galushkin 

Up t o 300 km/ h fast    
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I. Galushkin 

Karmadon, 18 km and 5 minut es lat er, 120 Mio m3   
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Mudf low, anot her 15 km far  
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Caucasus Tibet  



Aru, Tibet  



Jan 2016 Aru, Tibet  
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 Concluding remarks 
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 Risk propeller / Disaster risk  

Hazards 



 Risk propeller / Disaster risk  Disaster risk 
The likelihood over a specified 
time period of severe 
alterations in the 
normal functioning of a 
community or a society due to 
hazardous 
physical events interacting 
with vulnerable social 
conditions, leading to 
widespread adverse human, 
material, economic, or 
environmental 
effects that require immediate 
emergency response to satisfy 
critical 
human needs and that may 
require external support for 
recovery 
 
Exposure 
The presence of people; 
livelihoods; environmental 
services and resources; 
infrastructure; or economic, 
social, or cultural assets in 
places that could 
be adversely affected 
 
Vulnerability 
The propensity or 
predisposition to be adversely 
affected. 
 

Hazards 
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 Responsible Conduct 
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Russland
Cordillera  
Blanca 

30 km

Laguna Palcacocha (Peru): 13 Dec 1941, 4mio m3, ca. 6000† Cordillera Laguna Palcacocha (Laguna Palcacocha (
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Cordillera Blanca Responsible Conduct 
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Cordillera Blanca Responsible Conduct 
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I. Machgut h

Laguna Palcacocha Responsible Conduct 
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Thank you ! 
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