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

AContribution to water cycle

AWater management (human
consumption, agriculture, etc.)

AHydropower generation
ALYLJ QG 2y GKS 9
Alnput for hydrological / glacier massg=

balance / weather / climate / land
surface models

Surface without snow or [\ <| Surface with snow and
p8| ice absorbs more heat [ == | ice reflects more heat




X FyR 06380l

Almpact on permafrost
evolution and carbon

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

ATransportation, Housing
ATourism, Sports



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



Practical Training Schedule

2 Groups: execute each one main exercise:
AMapping snow fronSentinet2 optical data over the Alps
AMapping wet snow fronSentinell SAR data over the Alps

Timing:

13:30¢ 15:00 & 15:1% 16:30:

Process the data following the instructions of the exercise:
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¢ 17:00:
Interpretation of results (together)
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Components of the Cryosphere

Snow patterns in different environments
Types of ice sheets and glaciers

The physics of snow crystals
Transformation of snow to glacier ice

Typical densities of snow and ice



1. Components of the Cryosphere

Atmosphere —= i
1000 km 1000 km
E
= =
Snow_|= 4 Ice Sheet =
___________ Ice Shelf
Continent £
-
1 i
3000 km
[
o
s ——
River and Lake Ice
[ Sea lce
.
I ( Glaciers and Ilce Caps )
—— —
Frozen Ground
lce Sheets
| |
Hour Day Month Yeor Cenfury Millennium
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Lemke et al., 2007
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yles of snow patterns in different
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Totally snow covered plains




Totally snow covered sparse forest
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Totally snow covered mountains

21 September 2018 | ESA Training Course: Ice and Sn@ehwaizer



Patchy snow in mountains
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Patchy snow cover in open land

21 September 2018 ESA Training Course: Ice and Sn®ashwaizer
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3. Types of ice sheets and glaceers
Greenland Ice Sheet

21 September 2018 ESA Training Course: Ice and Sn®ehwaizer 18



Antarctic Ice Sheet

Photé ©Scambos& Bauer, NSIDC {9
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Valley glacier with limited debris cover




Valley glaciers with extensive debris cover




Calving glaciers

21 September 2018 ESA Training Course: Ice and Sn@ehwaizer 23



4. The physics of snow crystals

' Columns and Plates

Plates ' Columns
P — _—
0.3 : ]

™ | y / '
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; (3 Solid = -
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0 -5 -10 -15 -20 -25 -35
Temperature
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5. Transformation of snow to glacier ice

Definitions: G ;
A Snow:seasonal snow that has ‘%ﬂ{% 3333 b2 %

nOt Changed mUCh Slnce fe” Snowflake Firn Glacier ice

2days 1lyear 2years 5years 10 years
CNRBY oDfl OASNRG o&

A Firn:wetted snow that survived °®*
at least one summer season without being
transformed into ice

A Glacier icecrystals formed after sealing off
all air passages between grains

Main processes to transform snow to glacier icq
A Packing and/or settling

A Thermodynamic processes
A Deformation under load Glacier ice crystal

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

21 September 2018 ESA Training Course: Ice and Sn®ehwaizer 25



Type (kg/m3) Fig.
New snow (immediately after falling in caln  50¢ 70 A
Damp new snow 100¢ 200
Settled snow 200¢ 300

Depth hoar 100¢ 300 B
Wind packed snow 350¢ 400 C
Firn (only when melting occurs) 400¢ 830 D
Very wet snow and firn 700¢ 800
Glacier ice 830¢ 917 E

now pit with layers
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3. Remotesensing
of Snow and-lce
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Part B¢ Contents

The electromagnetic spectrum
Spectral regions for EO
Spectrallransmittance of the Atmosphere

Resolution of satellite data

a ~ W D

Applicationsin Cryosphere



1. The electromagnetic spectrum

<«— Frequency f [HZ]

10" 10"® 10" 10™ 10" 10" 10" 10™ 10° 10°
Wavelength A [m] —»
1I0-8 1 0—7 y 0—6 1 I0-5 1|0-4 19-3 1P-2 19-1 1PO

Y Tmm Tm
uv g, Infrared | Microwaves

Solar| Terrestrial

Band

RN

f[GHZ] 300 100 30 10 3 1 03

WyQ




2. Spectral regions for Earth Observations

Wavelength
Ultraviolet 10 nm 7T 380 nm
Visible 380 nm i1 750 nm
Near Infrared* 0.75 mmT 3.0 mm (also: Shortwave IR)
Middle Infrared* 30 mmi 50 mm (also: Thermal IR)
Far Infrared* 50 mm i1 1.0 mm
Microwaves 0O.lcm 7 100cm (300 GHz1 0.3 GHz)

* SO 20473
Other designations are in use; better specify wavelength directly.

Microwave (MW) Band Designations:

L-Band 0.3971 1.55 GHz X-Band 5.757 10.9 GHz
S-band 1.557 4.20 GHz K,-Band 10.90 7 22.0 GHz
C-Band 4.207 5.75 GHz K,-Band 22.00 7 36.0 GHz



3. Spectral Transmittance of the Atmosphere

- ]
P -
e o

ol ]
Solar Emiss

Oz

B e

Wavelength

Selected satellites used i.a. for cryospheric applications:

CBand: Sentinell Localregional: Sentinei2 MSI
Envisat ASAR Landsat 48 TM/ETM+/OLI
ERSL/-2 SPO®H ¢ 7 HRV/INAOMI
Radarsatl/-2 Terra ASTER
X-Band: TerraSAR Continental/globalSentinel3 SLSTR/OLCI
CosmeSkymed Aqua/Terra MODIS
NPP VIIRS

21 September 2018 ESA Training Course: Ice and Sn@shwaizer NOAA AVHRR 31



4. Resolution of Satellite data
Orthophotoc 0.5 m, truecolor-composite

0 : 200 ‘ {
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Sentinel2, 10 m¢ single band

0 )
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MODI&; 250 m, single band

el

21 September 2018 ESA Training Course: Ice and Sn&ehwaizer




MODIE; 500 m RGB123

21 September 2018

ESA Training Course: Ice and Sn®ehwaizer

35



