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Typical cryosphere temporal / spatial scales
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Satellites

Image source: Internet
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Glacier types



Climate change indicators: Pasterze 2009
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Climate change indicators: Pasterze 2018

rudipo.blogspot.com



Retreat, thinning and flow of Triftglacier
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Glacier shrinkage in Patagonia: 1998-2014
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Time series of area changes Patagonia

Landsat data: USGS Paul (Glaciers_cci)



Glacier outlines from Glaciers_cci
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The Randolph Glacier Inventory (RGIv3.2)

GlaciersRGI Regions

Gardner et al. (2013)

Global stock taking:
- 215 000 glaciers
- Area: 730 000 km2

- Volume: 150 000 km3

- SLE: 40 cm



Glacier mass balance for IPCC AR5

Kääb et al. (2013)

~500
glaciers

Jacob et al. (2012)

The Alps



Elevation changes in High Mountain Asia

PaulGardner et al. (2013)



Elevation change pattern Ötztal (TDX-SRTM)
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Elevation change pattern Valais (TDX-SRTM)
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Elevation changes Karakoram (TDX-SRTM)



Worldwide glacier datasets

Zemp et al. (in press)



Worldwide glacier datasets

Brun et al. (2017)

Zemp et al. (in press)



New worldwide glacier datasets

Zemp et al. (in press)



Cumulative glacier mass changes 1961-2016

Zemp et al. (in press)



Annual contributions to sea-level 1961-2016

Global ΔM 2011-16:
-335 Gt yr-1

about  1 mm SLE yr-1

(3 x remaining ice of the Alps)

1991 Pinatubo

1982 El Chichon
1963 Mt. Agung

Zemp et al. (in press)



Summary and Conclusions
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• Glaciers are shrinking globally at still increasing rates apart 
from Karakoram / Pamir / Kunlun Shan surge cluster

• RS provides data for inaccessible regions and largely enhance 
knowledge on CC impacts & process understanding

• Outlines are key to derive further information & changes
• glacier-specific topographic parameters, constrain mass balance/velocity, errors

• There is regionally and locally strong variability that is not 
always easy to explain (e.g. with elevation / hypsometry)
• animations from image quicklooks are a helpful tool to analyse glacier dynamics

• Free availability of satellite data resulted in huge progress in 
CC impact assessment => increase with Sentinel 2 (10m / 5d)

THANK YOU!



Landsat 8 (30 m)

PaulLandsat data: USGS



Sentinel 2 (10 m)

PaulSentinel 2: Copernicus 2015



Representativeness of geodetic mass balance
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observational samples:
glaciological from 450 glaciers
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Sensors: timelines and applications
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