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Why do we need information 
about snow and ice???

ÅContribution to water cycle

ÅWater management (human 
consumption, agriculture, etc.)

ÅHydropower generation

ÅLƳǇŀŎǘ ƻƴ ǘƘŜ 9ŀǊǘƘΨǎ ŜƴŜǊƎȅ ōǳŘƎŜǘ

ÅInput for hydrological / glacier mass 
balance / weather / climate / land 
surface models
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Χ ŀƴŘ ōŜŎŀǳǎŜ ƻŦΧ

ÅImpact on permafrost 
evolution and carbon 
exchange in high latitudes

ÅNatural hazards 
(avalanches, floods, ice 
jams, droughts, etc)

ÅTransportation, Housing

ÅTourism, Sports
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Content of Lecture

A. General Characteristics of Ice and Snow

B. Remote Sensing of Snow and Ice

C. Snow and Ice from Radar Satellite data

D. Snow and Ice from Optical Satellite data

E. Concluding Remarks
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Practical Training ςSchedule

2 Groups: execute each one main exercise: 
ÅMapping snow from Sentinel-2 optical data over the Alps
ÅMapping wet snow from Sentinel-1 SAR data over the Alps

Timing:
13:30 ς15:00 & 15:15 ς16:30: 
Process the data following the instructions of the exercises

You can either work alone or together with a colleague. 

In case of any problems or questions, feel free to communicate 
with your colleagues, or just ask me! 

16:30 ς17:00: 
Interpretation of results (together)
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A. General characteristics 
of Ice and Snow
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Part A ςContents

1. Components of the Cryosphere

2. Snow patterns in different environments

3. Types of ice sheets and glaciers

4. The physics of snow crystals

5. Transformation of snow to glacier ice

6. Typical densities of snow and ice
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1. Components of the Cryosphere

Lemke et al., 2007
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2. Examples of snow patterns in different 
ŜƴǾƛǊƻƴƳŜƴǘǎΧ

Totally snow covered plains
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Totally snow covered sparse forest
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Totally snow covered dense forest
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Totally snow covered mountains
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Patchy snow in mountains
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Patchy snow cover in open land
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Patchy snow cover in forest
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{ƴƻǿ ƛƴ ǊŜƎƛƻƴǎ ȅƻǳ ǿƻǳƭŘƴΩǘ ŜȄǇŜŎǘΧ
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3. Types of ice sheets and glaciers ς
Greenland Ice Sheet 
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Antarctic Ice Sheet
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Small mountain glaciers
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Valley glacier with limited debris cover
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Valley glaciers with extensive debris cover
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Calving glaciers
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4. The physics of snow crystals
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5. Transformation of snow to glacier ice
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CǊƻƳ αDƭŀŎƛŜǊǎά ōȅ IŀƳōǊŜȅ ŀƴŘ !ƭŜŀƴΣ мффн

Definitions:

ÅSnow: seasonal snow that has 
not changed much since fell

ÅFirn: wetted snow that survived 
at least one summer season without being 
transformed into ice

ÅGlacier ice: crystals formed after sealing off 
all air passages between grains

Main processes to transform snow to glacier ice:

ÅPacking and/or settling

ÅThermodynamic processes

ÅDeformation under load Glacier ice crystal

Ą About 80 cm new snow are needed to form 1 cm glacier ice

Snowflake                      Firn  Glacier ice

0 days          2 days     1 year   2 years    5 years 10 years 

25



6. Typical densities of snow and ice
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Type (kg/m³) Fig.

New snow (immediately after falling in calm) 50 ς70 A

Damp new snow 100 ς200

Settled snow 200 ς300

Depth hoar 100 ς300 B

Wind packed snow 350 ς400 C

Firn (only when melting occurs) 400 ς830 D

Very wet snow and firn 700 ς800

Glacier ice 830 ς917 E

Snow pit with layers

A

B

C

D

E
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B. Remote Sensing
of Snow and Ice

© NASA



Part B ςContents

1. The electromagnetic spectrum

2. Spectral regions for EO

3. SpectralTransmittance of the Atmosphere

4. Resolution of satellite data

5. Applicationsin Cryosphere
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1. The electromagnetic spectrum
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2. Spectral regions for Earth Observations
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Wavelength

Ultraviolet 10 nm ï380 nm

Visible 380 nm ï750 nm

Near Infrared* 0.75  mm ï3.0 mm    (also: Shortwave IR)

Middle Infrared* 3.0  mm  ï50  mm    (also: Thermal IR)

Far Infrared* 50  mm  ï1.0 mm

Microwaves 0.1 cm  ï100 cm     (300 GHz ï0.3 GHz)

*  ISO 20473

Other designations are in use; better specify wavelength directly.

Microwave (MW) Band Designations:

L-Band 0.39 ï1.55 GHz X-Band    5.75 ï10.9 GHz

S-band  1.55 ï4.20 GHz Ku-Band 10.90 ï22.0 GHz 

C-Band  4.20 ï5.75 GHz Ka-Band 22.00 ï36.0 GHz 
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3. Spectral Transmittance of the Atmosphere
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Wavelength
Snow and Ice Applications

Selected satellites used i.a. for cryospheric applications:
C-Band: Sentinel-1

Envisat ASAR
ERS-1/-2
Radarsat-1/-2

X-Band: TerraSAR-X
Cosmo-Skymed

Local/regional: Sentinel-2 MSI
Landsat 4-8 TM/ETM+/OLI
SPOT-5 ς7 HRV/NAOMI
Terra ASTER

Continental/global:Sentinel-3 SLSTR/OLCI
Aqua/Terra MODIS
NPP VIIRS
NOAA AVHRR 31



4. Resolution of Satellite data
Orthophoto ς0.5 m, true-color-composite
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Sentinel-2, 10 m ςsingle band
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MODIS ς250 m, single band
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MODIS ς500 m RGB123
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