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Typical temporal and spatial scales 
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Glacier types 
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Image source: Internet 



Sensors: timelines and applications 
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Spatio-temporal coverage (TM) at USGS 

Paul!Goward et al. (2006) 



Spectral bands and atmospheric transmission 

Paul!Courtesy: A. Kääb!

Spectral properties of ice and snow 
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Red/SWIR 
TM/ETM+: 3/5 
ASTER: 2/4 
OLI: 4/6 (8/6) 
MSI: 4/11 



Glaciers as seen with Landsat Thematic Mapper TM 
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Glacier mapping and corrections 
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Accuracy: manual glacier delineation (Landsat) 

Paul et al. (2015) 

Landsat data: USGS!



Accuracy: manual glacier delineation (Quickbird) 
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Paul et al. (2013)!Quickbird image: Google Earth!

Glacier change from the ground: Morteratsch 
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Glacier change from the ground: Morteratsch 
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... and from space 

Landsat data: USGS 

Morteratsch 
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... and from space 

Landsat data: USGS 

Morteratsch 

Accuracy: Comparison with TM543 
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Accuracy: Comparison with HR Ikonos 
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Accuracy: small scale change assessment 
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Spatial resolution: Landsat 8 OLI (30 m) 
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Spatial resolution: Sentinel 2 MSI (10 m) 

Paul!Sentinel 2: Copernicus 2015!



Glacier mapping with Landsat 8 OLI & Sentinel 2 MSI 

Paul!

all colours   2.7 -   95 
removed by 2.8 - 105 
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all colours   1.40 
removed by 1.38 

MSI requires an additional threshold in the blue band 
to achieve the same performance in cast shadow as OLI 

Landsat OLI (pan/SWIR) Sentinel 2 MSI (red/SWIR & blue) 

Paul et al. (2016)!

Outlines from OLI red/SWIR (30 m)  
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OLI red/SWIR (30 m) 
OLI pan/SWIR (15 m) 
MSI red/SWIR (10 m) 



Outlines from OLI pan/SWIR (15 m)  
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OLI red/SWIR (30 m) 
OLI pan/SWIR (15 m) 
MSI red/SWIR (10 m) 

Outlines from MSI red/SWIR (10 m)  
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Glacier mapping with Landsat 8 OLI & Sentinel 2 MSI 
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OLI red/SWIR (30 m) 
OLI pan/SWIR (15 m) 
MSI red/SWIR (10 m) 

Sentinel 2: Copernicus 2015! Paul et al. (2016)!

Relative area difference MSI/OLI pan/OLI red 

Paul!Paul et al. (2016)!



Glacier shrinkage Austria: 2003 
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Landsat data: USGS 

Glacier shrinkage Austria: 2009 
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Landsat data: USGS 



Glacier shrinkage Patagonia: 1985-2000-2014 
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Glacier shrinkage in Patagonia: 1998-2014 
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Landsat data: USGS 



Time series of area changes 

Landsat data: USGS Paul (Glaciers_cci) 

Paul!Sentinel 2: Copernicus 2015! Landsat data: USGS!
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