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The Role of Snow and Ice in the Global Climate System →
Ice – Albedo Feedback Accelerates Warming 

Positive Feedback – Accelerates Climate Change

Decrease of snow, glacier, and sea ice areas  → Increased absorption 
of solar radiation on the Earth’s surface → Higher temperature →

→ Increased melting 
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Arctic Ocean: Strong Decrease in Sea Ice Area

NSIDC Boulder 31 Aug. 2007 McClure Strait
NW Passage is ice-free

Envisat ASAR

NSIDC

Ice motion
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Arctic Ocean: Decrease in Sea Ice Thickness

← Decrease in mean thickness
1978 (Submarine) – 2003/08 (Altimetry)

Kwok, 2009

CryoSat-2: Improved Precision 
in measuring sea ice freeboard 
and estimating ice thickness

CryoSat 

SAR/Interferometric Radar Altimeter (SIRAL) 



Europe‘s Arctic Course - 8 
Dec 2010 – H. Rott

6

1992 -2003 ERS-1/2 Altimetry

O.M. Johannessen et al. 2005

Mass deficitt by
InSAR: 0.23-0.55 mm/yr

Greenland Sea Level Contribution

Elevation Change (cm/yr)

[Rignot and Kanagaratnam, 2005]
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Croysat-2: Improved Precision for Ice Sheet Topography

SAR-Interferometric Mode, SARIn: Major 
improvements on slanting surfaces.
The location of the echo is determined by 
means of phase measurement
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←ERS Scatterometer

M. Drinkwater, 2001

NSIDC

Greenland: 
Summer Melt 
Increases 
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ERS – InSAR:  Dynamic Response of Glaciers
Detection of Precursor to Water Outbreak – Acceleration of Ice Flow

29-30 December 1995             27-28 March 1996.

E. Magnusson, H. Rott, H. Björnsson, J. Gaciol. 2007
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Principal Goal: 
 To assess and quantify the impacts that climatic variability and change 

have on components of the cryosphere and the consequences of these 
impacts for the climate system.

 In addressing this aim, CliC also seeks to determine the stability of the 
global cryosphere.

CliC focuses its activities through the following Themes:

1. Terrestrial Cryosphere and Hydrometeorology of Cold Regions (TCHM)

2. Ice Masses and Sea Level (IMSL)                                                            

3. Marine Cryosphere and Climate (MarC)                                          

4. Global Prediction of the Cryosphere (GPC)

ESA COOPERATION WITH SCIENTIFIC 
ORGANIZATIONS AND PROJECTS 
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CliC SSG-6, Valdivia, Chile, 6-
9.02. 2010

Ice sheets and SLR

Marine Cryosphere

Terrestrial Cryosphere

Global Predicton of Cryosphere

Cryospheric inputs to the Arctc and Southern 
Ocean Freshwater Budgets

Ice sheet and ice shelf dynamics and impacts on SLR

Regional Climate Modelling

 Initatves
that integrate CliC

themes 

Carbon and Permafrost

Changes and feedbacks in Arctc and 
Antarctc Sea Ice  

☼ Lea theme

☼

☼

☼

☼

☼
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ESA  STSE Support to Science Element

http://dup.esrin.esa.int/stse/ 
Objective:  Maximise the scientific return of ESA EO missions; respond to 

scientific challenges of Living Planet Programme; support science bodies.
Action Lines: 

• Future Mission Concepts 
• Strategic Actions 
• Novel Observations and Products

SAR IceConstellation
Develop the basis for multi-mission based SAR constellations for operational 
and scientific monitoring of sea ice (strategies and techniques)
SnowRadiance 
Techniques for retrieval of snow / ice properties from passive imaging 
instruments operating in the UV to TIR spectral range.

• Support to Earth Science
North Hydrology   Collaboration with CliC to define Scientific requirements.
Themes 1) Novel multi-mission river and lakes ice products (study initiated)  
2) improving ice sheet mass balance estimates (upcoming)
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http://snowcore.uwaterloo.ca:8080/
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ESA  Data User Element – Cryosphere Projects

http://dup.esrin.esa.int/ 
Objective: Foster relationships between User communities and Earth 

Observation.

The information products developed in the projects respond to the 
requirements of users actively involved in the project (GCOS etc.).

DUE GlobGlacier (Pi Univ. Zürich)

- Improvement of techniques for retrieval of glacier properties from EO data 
(glacier outline, topography, snow/ice area extent, surface motion)

- Producing data sets for selected glacier regions world wide

DUE GlobSnow (PI Finnish Meteo Service)

Creating a global database of snow parameters (snow extent, snow 
water equivalent) for climate research purposes; 15, 30 years time series

DUE Permafrost (PI TU Vienna)

 Define, demonstrate and validate a permafrost information service from 
local to large scale, based on satellite observations. Global permafrost 
extent, change and related products.
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Flade Isblink, Greenland 
Landsat 7 2001-07-03

Improved Services on 
Glacier Monitoring 

→ Sentinel 2

http://www.globglacier.ch/

Flade Isblink, Greenland 
Landsat 7 2001-07-03

GlobGlacier Products:
Glacier Area, Diagenetic Facies
Surface Topography, Ice Motion



Europe‘s Arctic Course - 8 
Dec 2010 – H. Rott

16

GlobSnow – Prototype Snow Map

Data base: ATSR & AATSR (ERS-2, Envisat)
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GlobSnow – Map of Snow Water Equivalent

http://www.globsnow.info/
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http://www.esa.int/gmes

Sensor:  C-band SAR, 250 km swath  
12 day repeat (6 d with 2 sat)

Melt area
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Sensors:

OLCI Ocean & Land Colour Instrument 
21 bands, 300 m and 1.2km res.

SLST (IR, ViS, 9 bands) AATSR – follow on

SRAL Altimeter: CryoSat heritage
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