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‘Remote sensing’ is, broadly but logically speaking, the collection of information about an object without making
physical contact with it. (The term was coined by Evelyn Pruitt of the US Office of Naval Research in the 1950s.)

What is Remote Sensing ?

«... is the acquisition of information about an object or

phenomenon without making physical contact with the “Remote Sensing is defined as
object and thus in contrast to on site observation ... » the science and technology by
. o ard EAisi which characteristics of objects
_[riaen:;pul:i);l:,r J.PEéSESZ]’OOZ). Introduction to remote sensing - 3™ Edition. of interest can be identified
without direct contact”

Concept of Remote Sensing

Remote sensing is the science of obtaining information about objects or areas from a distance, typically from aircraft or satellites.

Definition - What does Remote Sensing mean?
Remote sensing is the process of detecting Remote sensing is the process of acquiring information about an object or
and monitoring the thSiCﬂ| characteristics of an area phenomenon without making actual physical contact with it, as opposed
by measuring its reflected and emitted radiation to onsite observation or onsite sensing. This often requires the use of

aerial sensor technologies such as those used in reconnaissance
airplanes and satellites in order to detect and analyze objects on the

Earth, usually on the surface.

at a distance from the targeted area.
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used to collect the data being in direct contact with the object.

Remote sensing is defined as the art, science and technology through which the characteristics of objects/targets

existing between the sensors and the objects or events being observed

The term remote sensing is often wrongly applied to satellite-borne imaging of the earth’s surface only.
Remote sensing is the common name for all methods used to collect data at a distance from the object under study by
some kind of recording device.

“the art, science, and technology of obtaining
reliable information about physical objects and the
environment, through the process of recording, ’ . . i
measuring and interpreting imagery and digital The science of acquiring information about the
representations of energy patterns derived from earth using instruments which are remote to the

noncontact sensor systems”. (Cowell 1997) earth's surface, usually from aircraft or satellites.

Taken from: Introductory Digital Image Processing. 3™ edition.
Jensen, 2004
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. #858 " G:s;aer' Felix ¥ « 1903 - The
“ Nou;nafl: Tor‘\< - Bavarian Pigeon
Nadar _aI es the Corps uses pigeons
first aeria to transmit

photograph from a
captive balloon
from an altitude of
1,200 feet over
Paris.

messages and take
aerial photos.

Boston from a captive balloon at 1,200 feet,
October 13, 1860, James Wallace Black.
This is the oldest conserved aerial photograph

1914 - WW I provided a boost in the use of aerial photography,
but after the war, enthusiasm waned

1946 - First space photographs from
V-2 rockets.

1954 - U-2 takes first flight.

TIROS-1, Launched 01 Apr 1960

*EXPLORER-7 launched in
1959

* Carried Suomi radiometer
measuring solar &terrestrial
radiation (ERB study)
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Major elements of Remote Sensing:

1.Platforms
2.5ensors

3. Targets
4.Information
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PLATFORMS

Platforms refer to the structures or vehicles on which remote sensing instruments are mounted.

* These attributes include: distance the sensor is from the object of interest, periodicity of image acquisition, timing of

image acquisition, and location and extent of coverage.

* There are three broad categories of remote sensing platforms:

a) ground based,
b) airborne, and
c) satellite.
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* Each space MISSION requires a specific orbit.

. Communications | .
i Geostationary 35,786 Km (GEO) 24 hours i

Meteorological

Earth Resources | Polar-synchronous | 150-900 Km (LEO) | 90 minutes 95°

Navigation (GPS) | Semi-synchronous | 20,230 Km (MEO) 12 hours h5*

Space shuttle Low orbit 300 Km 90 minutes | 28-5°,0r 57
Communication Moki Perigee: 7971 Km 2h 6349
Intelligence ) Apogee: 45,170 km ours ’

» Circular LEO, MEO, GEO

~ Elliptical

LEO: Low Earth Orbit
MEO: Mid Earth Orbit

GEO: GEosvnceronous Orbit
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SENSORS

* Remote sensing instruments are of two primary types—active and passive.

* Active sensors, provide their own source of energy to illuminate the objects they observe.
* An active sensor emits radiation in the direction of the target to be investigated.
* The sensor then detects and measures the radiation that is reflected or backscattered from the target.

* Passive sensors, on the other hand, detect natural energy (radiation) that is emitted or reflected by the object or scene
being observed.
* Reflected sunlight is the most common source of radiation measured by passive sensors.

Active sensors: Passive sensors:

» Laser altimeter *  Accelometer

* Lidar * Hyperspectral radiometer
* Radar * Imaging radiometer

» Ranging instrument * Radiometer

* Scatterometer * Sounder

* Sounder * Spectrometer

* Spectroradiometer
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SENSORS Visible and Reflective Infrared Remote Sensing
Thermal Infrared Remote Sensing
Microwave Remote Sensing
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TARGETS

* Remote sensing techniques are implemented in function of what needs to be observed.

* Forinstance, orbit parameters are related to monitoring requirements.
* The Earth can therefore be observed at different scales.
* Taking a photo with camera-distance determines scale of target

» Targets will determine which sensors and their specifications will be needed.
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INFORMATION

* In remote sensing, it is very important to understand the data provided by sensors in order to interpret them properly.

Interaction of EM Radiation with Matter

Remote sensing is based on these
interaction mechanisms:

Emitted
« Reflection Incident ~ = =
* Transmission Reflected
+ Scattering

» Emission and Absorption

These mechanisms convey
information about the target to the
measuring instrument

Transmitted
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BASIC PROCESSES

* Data acquisition

* Processing

* Analysis (quantitative and qualitative Analysis)
* Accuracy assessment

* Information distribution to users

Distribution

wr
=

Receiving station
processing Archiving
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"Considerably improve our knowledge of our
environment, facilitating the interpretation of the
multiple processes affecting the planet”
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‘Why Remote Sensing e e

» Global coverage and regular large areas of the Earth.
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> Observation multiscale.
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Sea Surface
Temperature

-

Vegetation Spectral
Behaviour
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Sensor and
satellite ,
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¢ Sensing with our eyes (Red, Green, Blue)

¢ Sunis sources of light, Electromagnetic (EM), which
is visible with human eye

* Emitted light by sun is reflected by an object and
detected by photosensitive cells in our eyes

* Thermal emission radiated by sun (ultraviolet (UV)
radiation)

* EM radiation outside the range 0.38 to 0.76 is not Characteristic of a wave:
visible to human eye

Electricfield * Light has two oscillating components; electric and magnetic energy
* All EM energy travels at speed of light- 300000 km / s
* |t takes 8 minutes before we see sun light

Direction of
radiation

2

e . ™
04 05 0.6 07 (um) /T\ K% ; e = asin( 3z + ).
uv Near-infrared " /l\ A
"V

blue
green
red

a ) is the length of one cycle of the oscillation

A

The phase, ¢, is an important quantity for precise ranging

We call the amount of time needed by an EM wave ¥ can take any value in the range from 0 to 2.

to complete one cycle the period of the wave.
* The reciprocal of the period is called the frequency of the wave. The amplttude, o, 18 the peak value of the wave.
*  We usually measure the frequency in hertz

(1Hz = 1 cycle per second)
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* The relationship between wavelength and frequency

C.— X3 V- E=A% f
Short wavelength Long wavelength
High frequency Low frequency
High energy Low energy
=hxv=hx~
@ =lexv=ls E=if

Q or E is the energy of a photon measured in Joule

h is the Plank’s constant  (6.6262 - 10-*! jouleseconds)

electronvolt (1eV=~16x10"7))

—10m

l— 100 mm
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— 100 um

b 10 pm

L— 100 nm

— 100 MHz

— 10 GHz

— 100 GHz

— 10 THz
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* Absolute temperature is conventionally measured in Kelvins (K)
* Absolute zero is the lowest possible temperature where nothing could be colder 0K = —273,15 °C

* The global mean temperature of the Earth’s surface is 288 K
the time of year, and where the temperatures measurements are being taken. Given that the Earth experiences a
sidereal rotation of approximately 24 hours —which means one side is never always facing towards
the Sun — temperatures rise in the day and drop in the evening, sometimes substantially.

* The Sun’s temperature is 6000 K

History of global surface temperature since 1880
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Year

Global Temperature Anomaly (C) compared to 1901-2000

NOAA , www.climate.gov
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Sun is (approximately) BLACK-BODY

A black-body absorbs %100 energy of the radiation that hits it
A black-body re-emits all energy it receives

A black-body can have different temperatures

The amount of energy commonly expressed in Joule

Power (measured in Watts): power is the quantity of energy
emitted by an object per unit of time in all directions or
received by an object per unit of time from all directions.

(1 W =1Joule persecond)

Radiation intensity

Radiant emittance is the power emitted from a surface (Wm—é)

. . . . ) = T
Spectral radiant emittance characterize emittance per wavelength W”f‘ um

Radiance is the radiometric measure, which describes the amount
of energy being emitted or reflected from a particular area per unit
solid angle and per unit time Wm 2sr!

Irradiance is the amount of incident energy on a surface

per unite area and per unit time Wm_g

The emitting ability of real material is expressed as dimensionless
ratio called emissivity (with values between 0 and 1).

The emissivity of a material specifies how well a real body emits
energy as compared with a black-body.
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Wavelength (m) peratures, T, in K).
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Black Body Radiation

Planck’s Law:

All incident 2 s
radiation is —
absorbed \\ - M
: 9.

ch

\_\_\_\e7r - l
you plug in Tand A
h is Planck’s constant

x is Boltzmann's constant
¢ is the speed of light

Blackbody

Radiator

Emitted Radiation is only a function
of Radiator’s Temperature

This is the equation that led
to quantum mechanics

10 Black-body spectrum

Figure 2.11. Max Planck (1858-1947), the founder of quantum mechanics. He was awarded
the Nobel Prize in physics in 1918, the year of this photograph. (Source: Wikipedia.
http:/fen.wikipedia.org/wiki/File:Max_Planck_(Nobel_1918).jpg)

Spectral radiant emittance, W/(m? pm)
Spectral radiance, W/(m? ym sr)

0.01 ! .
01 1 10 100

Wavelength, um
jource: Principles of R ing, Klaus Tempfli and et al., Physical Principles of Remote Sensing, W.G. Rees
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Motivation on Snow

» During winter season, snow covers about 40 million km2 in the Northern hemisphere (Huining, 2001).
» Snow is a vital water resource in many regions of the world.
» Climatic changes, Earth’s energy balance, water resources are strongly affected by the presence of snow.

» Knowledge of the amount of snow water equivalent from year to year is essential to estimate
the effects of snow melt run-off.

» Knowing the snow characteristics helps
» to improve weather forecasts,
» to predict water supply for hydropower stations,

» to anticipate flooding.

25
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Snow Trends
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* A non-uniform picture:

* Snow cover largely decreasing

SWE and Depth -
various trends, including tendencies of increase in NE
and decreases over Canada

* Duration, onset, snow-off —various trends, mostly negative

Cold season precipitation —
largely increasing trends with regional dependence

* Snow properties, stratigraphy —
signs of increased bottom layer hardness and moisture
* Rain on snow, mid-winter thaw — dangerous events

Snow Event Week | EUMETrain | 22-26 November 2021
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Role of Snow in Climate System

* A very sophisticated picture:

* Multiple feedbacks and impacts (through albedo, roughness, insulation of
surface and at the same time active chemical interaction, permeability for
water, impacts on hydrology hence on the Arctic Ocean, vegetation hence on

carbon balance, etc.)...

27
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Snow and River Runoff

* Snow Melt -> up to % annual transport in high-latitude rivers

* Arctic:

* likely changes towards more uniform runoff throughout a year, with a multitude of attendant
changes, likely increased (up to 50% runoff to the Arctic ocean)

* Alps:
* Higher snow line

* more or less robust conclusion: spring melt, higher peaks on runoff (tendency for flooding)
but less annula volume — water shortage (Bavay et al., 2009)

28
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Global Warming and Cryosphere

+ United Nations Global Outlook for Ice and Snow : Mean monthly
snow cover is decreasing by about 1.3% per decade.

2;‘;“};‘;}‘;3;*.?,“2; Northern Hemisphere

a _ Spring Snow

-

1930 1940 1950 1960 1970 1980 1990 2000

29
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Motivation on Microwave Remote Sensing

Wavelength (m] Frequency (Hz)
Longer Lawer

Microwaves

1ﬂ‘:§ 1g*"" Wavelength Frequency
> Microwave sensors such as radiometers and radars "m?n*-g 1050 (metres) bt
are often used because of 1n-10-{z 10° 410 03
— u.z_ l P-band 30-100 cm
» their usability under varying conditions, 1wifE " Ho ™ T e !
factors like clouds, rain and lack of light do not  un-qo*EM % —1u"m 4 2
affect the measurement, w Bl 3 pof 10 pband  7s4sem i
> the large penetration depth into the surface "¢ IE‘ 0% 1e Coand 37T Sem) g
with increasing wavelength, 10 s 0 I
» sensitive to liquid water. Shofter' 9 Higher 4 .
10™“{Ka-band 0.75-1.4 cm
40
» Understanding of the relationship between millimetre band
microwave signatures and snow is very important for
retrieving desired snowpack parameters such as 3
snow density, snow water equivalent and snow R
sub-millim etre band

wetness.
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Active Instruments Passive Instruments

Active remote sensing instruments illuminate their Passive remote sensing instruments measure intensity of either
target with their own signal emission from target or Sun radiation reflected by target
*Radar (imaging microwave sensor) -Most optical sensors
* Real aperture radar *Spectrometers (reflection and emission)
_ + Synthetic aperture radar _ «Imaging high resolution cameras (reflection)
Lidar (Light Detection and Ranging) (optical radar) -Microwave radiometers (emission)

*Scatterometers (non-imaging radar)

. _ _ Passive sensor = receiver
Active sensor = transmitter + receiver

31
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Optical Imaging sensors

n

Remote Sensing /'[ Imaging sensors |,
Instruments

Thermal Imaging sensors

Radar Imaging sensors

Non-Imaging sensors -

LN

Spectroradiometers J [ Radiometers ]

Laser range finders/
Altimeters
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| | search|
[Microwave VJ spectrum
From | | to] | resolution (m)
3b results

Description
AMR Advanced Microwave Radiometer 3 Jason-2
AMR-2 Advanced Microwave Radiometer - 2 3 Jason-3
Advanced Microwave Scanning
AMSR 8 ADEOS-II

Radiometer

Advanced Microwave Scanning
AMSR-2 ) 7 GCOM-W1
Radiometer-2

Advanced Microwave Scanning

AMSR-E ) 6 Aqua

Radiometer for EOS

MWI MicroWave Imager 26 Metop-SG B1, Metop-SG B2, Metop-SG B3
. ) ENVISAT, ERS-1, ERS-2, Sentinel-3A, Sentinel-3B, Sentinel-3C,
MWR Microwave Radiometer 2 B
Sentinel-3D
MWRI Microwave Radiation Imager FengYun-3A
SMAP . i i
) Passive Microwave Radiometer 1 SMAP

radiometer

Scanning Multichannel Microwave
NIMBUS-/, Seasat

Radiometer
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https: //webapps itc.utwente. nI/sensor/DefauIt aspx?wew aIIsensors

\[Search]
[SAR—C VJ spectrum
From | to | resolution (m)
17 results

EUMETSAT

e T

Dual Frequency Radar Altimeter

AMI Active Microwave
ASAR Advanced Synthetic Aperture Radar
ASCAT Advanced scatterometer
RADARSAT 2 Radar
SAR-C (RCM), SAR-C on RADARSAT Constellation Mission
SAR-C Radarsat1 Synthetic Aperture Radar on RADARSAI-1 1
SAR-C Sentinel1 C-band SAR on Sentinel-1A/Sentinel-1B 1
SCA Scatterometer
SIR-C Spaceborne Imaging Radar-C 1
SRAL SAR Radar Altimeter 2

TOPEX/Poseidon
1 ERS-1, ERS-2
1 ENVISAT

Metop-A, Metop-B, Metop-C

RADARSAT-2

RADARSALT Constellation Mission

RADARSAT-1

Sentinel-1A, Sentinel-1B, Sentinel-1C, Sentinel-1D
Metop-SG B1, Metop-SG B2, Metop-SG B3

SRTM

Sentinel-3A, Sentinel-3B, Sentinel-3C, Sentinel-3D
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ADVANCED MICROWAVE SCANNING RADIOMETER FOR EOS

Satellites
Aqua

AMSR-E websites

Information

NASA - Agua instrument AMSR-E

JAXA - Japan Aerospace Exploration Agency
JAXA EORC - AMSR/AMSR-E

AMSR-E Bands

Data ordering

Copernicus - Marine env. & monit. Service
NASA EarthData - Search

JAXA - G-Portal Data providing_service

NSIDC DAAC - AMSR-E data

GCOM-W Research Product Distribution Service

NASA Giovanni (data and visualisation)

MICROWAVE IMAGER

Satellites

Metop-SG B1
Metop-SG B2
Metop-SG B3

MWI websites

Information

Eumetsat - EPS-SG Design/Sensors
ESA eoPortal - Metop-SG Sensors

MWI Bands
Band Wavelength Bandwidth Resolution Revisit time
an
(pm) (pm) (m) (days) Band

Band 1 (6.92b GHz) (Microwave)

Band 2 (10.65 GHz) (Microwave)

Dnnrd D A0 T AL UK Aimvncsimeal
ahs-resources/satellite-sensor-datahase/alossarv

10000 1450
10000 1450
10000 1450
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Band 1) 18.7 GHz (Microwave)

Band 2) 23.8 GHz (Microwave)

Wavelength

(pm)

Bandwidth
(pm)

Resolution

(m)
10000

10000

EUMETSAT

Swath width

(lem)
1700

1700

34
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Overview Programmes Satellites Instruments Freguencies Agencies Satellite Status Gap Analyses

Space-based Capabilities (OSCAR/Space)

This section contains details of environmental satellite missions, instruments and other related information.

It also provides expert assessments on the relevance of instruments for fulfilling some WMO pre-defined
capabilities (see list of mission types) and the measurement of particular physical variables (see See Gap
analyses by variable or by type of mission)

The Oscar/Space section is managed by the WMO Space Programme Office. See the WMO Space
Programme website for more information.

Last update of OSCAR/Space: 2020-10-12

How to get started with OSCAR/Space ?

=% Using the "Quick Search"
The "quick search" is present on every page at the right end of the menu bar. Please type e.g. the
name of a satellite, instrument or variable. The system will then automatically suggest some items,
which you can directly select in the drop down menu.

=% Using the top menu
From the top menu, you can select the full tables of satellites, instruments, programmes etc. These
tables can then be sorted and filtered according to your criteria.

g PY SRS S | YU S U U PRSI S S SRR PR PSP TR I P

o)

https://space.oscar.wmo.int/spacecapabilities

OSCAR/Space Version 2.6 released

OSCAR/Space Version 2.6 was released. It contains new features in the Gap Analyses
functionality. In addition, a restful API to retrieve database records in OSCAR/Space and
return them in the JSON format was developed. Please read more via the link here.

Satellite status updates

‘ Recently launched ‘ Planned launches 2021 Statistics

Counen operstorSaitepayoss
27 Sep Landsat-9 OLl, TIRS

2021

07 Sep @b) GF-5-02 AIUS, DPC, EMI, GMI, AHSI, VIMS

2021 =

EUMETSAT
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Radiometer Measurement Radar Measurement

+ For homogeneous target brightness temperature T is obtained from:
« Radar measures the (differential) backscattering coefficient a?,

T3(0) = e(O)T 5, which is obtained from:
e(8) = emissivity, O=e=1
Ty = target physical temperature (K)
(E)fYg = incidence angle off nadir a° (6') — (4}r)3 }“'4}::—
EG,(0)G,(0)2;4

+ Radiometer measures antenna temperature, obtained from:

R =distance to target
1.16.9)F 6.¢0)dC2
” ( ¢) ( ¢)d P, = received power, P, = transmitted power

— 4z
4 HF (9 gaﬁ)dQ G, = gain of receiving antenna, G, = gain of transmitting antenna

Ay = wavelength in air
A = surface of measured area

F,, = normalized antenna power pattern (value between 0 and 1)

Polarization is not shown in the equation:

Polarization not denoted in above equations, usually V or H 5 " ]
usually VV, HH, VH, or HV for transmit/receive

36
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Example of Radiometer and Radar Result

Radiometer

Polarization: V

Vertikaalipolarisaatio

280
TB(K) |

240

200

Kirkkauslampdtila Ty (K)

Y

[y

o
I

120 ! | ! | ! |
0 20 40 60

Kulma, (astetta)

Incidence angle (deg)
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80

4.8 GHz

36.8 GHz

Backscattering!0
Coefficient (dB)

' |
8 S o

Sirontakerroin o', (dB)

g

Radar

Dry snow, depth 58 cm
Polarization: HH

356 GHz

~ A 17.0 GHz
13.0 GHz
86 GHz
Lumen lampdtila: -6°C  \On, .
| Lumen syvyys: 58 cm \\ V4.6 GHz
{vastaa 13 cm vetta) N
Nestemaista vetta, m, (%) 0 26 GHz
Polarisaatio: HH 1.6 GHz
| | | |
0 20 40 60 80

Kulma, (astetta)
Incidence angle (deg)
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V-pol. emissivity

1.00
0.95

0.85

e
]
n

0.65

0.55

0.45

Vegetation

Snow cover

1. Water |
2. Bare soil |
3. Frozen soil |
4. Untrozen soil |
5. Short grass |
6. Medium grass |
7. Frozen grass |
8. Frost grass
9. Grass after snow I
10. Wet snow I
|
|
|
|
|
|
|
1

11. Powder snow
12, Shallow snow
13. Medium snow
14. Deep snow

15. Thincrust

16. Thickcrust

17. Bottomcrust
18. Bottomcrust/2
19. Crust

L i L 1 L L 1 1 L

0

1

2 3 4

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Surface type

FIGURE 15.3 Spectral emissivity of snow cover and other surfaces at 10, 22, 35, and
94 GHz. (From Mitzler, C., Meteor. Atmosph. Phys., 54(1-4), 241, 1994.)
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University of Nebraska - Lincoln
Digital Commons@University of Nebraska - Lincoln

Publications, Agencies and Staff of the US.
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TABLE 15.1

Snow Parameters That Affect Visible, Near-IR, IR,

and MW Spectral Response

Visible Solar Near-IR
Albedo Solar Albedo

Grain size (+) Yes
Zenith (or nadir) angle (+) Yes
Depth Yes

Contaminants Yes

Liquid water content

Density

Temperature

+ Only if snowpack is thin or impurities are present.

Thermal IR
Emissivity

Yes

MW Emissivity

RS
T R e
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Of particular importance for the retrieval of snow parameters is the observation
that the MW spectral response shows dependence on a larger set of snow parameters
than optical imagery (Table 15.1), which complicates the interpretation of MW imag-
ery for snow identification and mapping. Among the snow parameters affecting the
MW response, the most important are grain size, SD, SWE. and liquid water content.
Dense vegetation can also attenuate MW radiation. particularly at higher frequencies
(20GHz and above), reducing the signal of the snow underneath. All other param-
eters being equal. an increase in SD or SWE is associated with a steeper emissivity
gradient with frequency, because of increased scattering caused by a larger number
of snow grains. Also, coarser-grained snow cover produces a steeper emissivity gra-
dient. A small amount of liquid water in snow dramatically increases emission and
reduces the scattering response and thus the ability to accurately map SCA. SD, and
SWE over melting snow cover.
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Sensor band

Visible/near Thermal

Snow property Gamma rays infra-red infra-red Microwaves
Snow covered area Low High Medium High
Depth Medium If very shallow Low Medium
Water equivalent High If very shallow Low High
Stratigraphy No No No High
Albedo No High No No
Liquid water content No Low Low High
Temperature No No Medium Low
Snowmelt No Low Low Medium
Snow-soil interface Low No No High
Additional factors

All weather capability No No No Yes

Current best spatial resolution

from space platform Not possible 10m 100 m 25 km passive

10 m active
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Fig.5. Microwave spectral responses at different frequencies to snow and land
parameters

Passive microwave sensors detect the weak microwave radiation that is constantly emitted
from the surface and atmosphere of the Earth. In the field of microwave radiometry, the
microwave radiance is mostly expressed in terms of brightness temperature, Tb at the
measured frequency (Fig.5.). In the case of the snow the upwelling microwave radiation is
emitted by the sub-snow surface and altered by the snowpack and consequently it carries
information on the physical properties of the snowpack. Furthermore, the radiation emitted
by the snowpack strongly depends on the physical properties of the snowpack, including
liquid water content, snow density, grain size, vertical temperature profile and often, on the
state of the ground surface beneath the snowpack [18-20].

Snow Event Week | EUMETrain | 22-26 November 2021

41



Table 3. Characteristics of commonly used microwave emission models for snowpack

property retrieval

British Journal of Environment & Climate Change
34): 612-627, 2013

SCIENCEDOMAIN international
WWw_Scisnoedamain. org

~.

3

Model Model type Characteristics References
Grody Empirical Decision tree algorithm for global snow Grody & Basist [4]
covers mapping from spectral gradients
in SSM/I data.
HUT Semi- Considers homogeneous snow or Pulliainen et al [22]
Empirical multiple layers. Includes the
atmosphere, soil and vegetation.
MEMLS Semi- Considers a layered structure of the Wiesmann &
Empirical snowpack. Classical RT with Empirical Matzler [23]
scattering and absorption properties.
DMRT Theaoretical Based on scattering theory. Considers Tsang et al_[30] &

snowpack as a medium consisting of Tsang & Kong [31]

scattering particles.
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Fig. 7. Response to active microwave sensors by dry and wet snowpack conditions at
different frequencies

Instruments such as the QuikSCAT active microwave scatterometer has been used to
estimate the timing of snow melt across Greenland [38] and Arctic lands [39] with fairly
accurate results. Both studies were based in the backscattering's signature difference (Fig.
7) between the dry snow and wet snow. Furthermore, a product developed by [40] for
mapping wet snow in mountainous terrain showed very good correlation with existing snow
cover retrievals. This product used comparisons between images from consecutive passes
of the Synthetic Aperture Radar (SAR). Then, filtering was performed over the measured
backscattering using a high precision Digital Elevation Model (DEM) and a reference image.

British Journal of Environment & Climate Change ,
3(4): 612-627, 2013 i%
\

SCIENCEDOMAIN international SOENADOMAN
www._sciencedomain.org

Synergistic Use of Remote Sensing for Snow
Cover and Snow Water Equivalent Estimation

Jonathan Mufioz", Jose Infante', Tarendra Lakhankar'i
Reza Khanbilvardi', Peter Romanov', Nir Krakauer' and Al Powell

"NOAA-C Remote ing and Technology Center (NOAA-CREST),
City College of New York, 160 Convent Ave, NY 10031, USA
*NOAANESDIS/Center for and R (STAR)

5200 Auth Road, WWB, Camp Springs, MD 20746, USA.

Matzler C, Schanda E, Good W. Towards the Definition of Optimum Sensor
Specifications for Microwave Remote Sensing of Snow. |IEEE Transactions on
Geoscience and Remote Sensing. 1982;20(1):57-66.

Rott H. Synthetic aperture radar capabilities for snow and glacier monitorng.
Advances in Space Research. 1984,4(11).:241-246.

Hallikainen MT, Halme P, Takala M, Pulliainen J. Combined active and passive
microwave remote sensing of snow in Finland, leee. 2003,2(C) 830-832.

Nghiem S V, Tsai W-YTW-Y. Global snow cover monitoring with spaceborme Ku-band
scatterometer. IEEE Transactions on Geoscience and Remote Sensing.
2001;39(10):2118-2134.

Wang L, Derksen C, Brown R. Detection of pan-Arclic terrestrial snowmelt from
QuikSCAT, 2000~2005. Remote Sensing of Environment 2008; 112(10):3794-3805.
Nagler T, Rott H. Retrieval of wet snow by means of multitemporal SAR data, |IEEE.
2000,38(2).754-765.

Yueh S, Cline D, Elder K. Airbome Ku-Band Polarimetric Radar Remote Sensing of
Terrestnal Snow Cover. IEEE Transactions on Geoscience and Remote Sensing.
2008,47(10):3347-3364.

Dupont F, Royer A, Langlois A, et al.. Monitoring the melt season length of the Bames
Ice Cap over the 1979-2010 period using active and passive microwave remote
sensing data. Hydrological Processes. 2012,26(17):2643-2652.

Snow Event Week | EUMETrain | 22-26 November 2021

43



IMETSAT

Spatial Resolution SWE
High

Snow cover Snow-Soil Interface

Grain Size

Abedo Wetness
.

All Weather Capability Temporal Resolutuion

Depth Melting
I Active Passive [ Visible/Infrared [ Microwave [T Visible [ Infrared

Fig.1. (a) Sensor capabilities in qualitative terms for spatial, temporal resolution and
data production and (b) Sensor responses to showpack properties. Different regions
of the electromagnetic spectrum provide useful information about the snow
characteristics. Nevertheless, certain regions had better capabilities or responses to
measure certain properties. For this reason, the integration of all the available
resources could lead to unbiased and better estimations of the snowpack properties
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Snow Dataset Inventory

Here is an inventory of satellite-derived, in situ, and analysis/reanalysis snow datasets, compiled by the Snow Watch Team as of 23
February 2015. This inventory of snow cover datasets was compiled following a recommendation of the GCW Snow-Watch meeting in
Toronto, January 2013. The workshop highlighted the need for an up-to-date and comprehensive inventory of snow cover datasets in light of
the significant increases in sources of snow cover information over the past decade. The inventory is provided in three categories: (1)
Satellite-derived snow products and datasets, (2) Analyses, reanalyses and reanalysis-driven snow products and datasets, and (3) In-situ
snow products and datasets. A dataset must be freely available online, represent an important source of information, and have supporting
English documentation to be included in the inventory. The inventory is meant as a living document with updates and additions incorporated
on an ongoing basis. To change, update or add datasets to the inventory please e-mail the required information to Ross Brown (ross.brown
at canada.ca).

Type:
Satellite-derived
i ; Ko may selact Search for keyword(s):
Analysis/Reanalysis | more than one | yword(s) | ]
In situ dataset type. —I

Scroll table up-down, left-right (after 1st column)
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Snow Today returns
The NSIDC analysis of snow conditions for the western
United States:is back with an updated website and more

data’options. Read more ...
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Copernicus Global Land Service it
Providg bio-geophysical products of global land surface Operﬂlcus

Europe’s eyes on Earth

Lake Ice Extent
Snow Cover Extent
Snow Water Equiv.
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EUMETSAT

H SAF

Snow status (dry/wet) by MW radiometry

No data
¢ Coverage: The H-SAF area [25-75°N lat, 25°W-45°E long]

Dark e Cycle: Daily

¢ Resolution: 10-30 km (0.25 deg grid), depending on the location (best for northern
Water parts, worst for southern parts of the H-SAF area)

. ¢ Accuracy: HR 80 %, FAR 10 % - Depending on snow thickness (it must not be too
ground shallow)

Mountain « Timeliness: Fixed time of the day, product updated to account for data available until 1

| Cloud h before delivery

Wet » Dissemination: By dedicated lines to centres connected by GTS - By EUMETCast to
SD':;’IW most other users, especially scientific
snow o Formats: \alues in fixed grid points in latitude/longitude grid - Also JPEG or similar for

quick-look.

49

Snow Event Week | EUMETrain | 22-26 November 2021



300+

z2al

E
Lezoo  E
£
&
m
2
L1s0 =
@
@
5
2
100 g
=4
w

S0

No dat:
ljoaa

3

Snow water equivalent by MW radiometry

L

L

Coverage: The H-SAF area [25-75°N lat, 25°W-45°E long]

Cycle: Daily/weekly

Resolution: 10-30 km (0.25 degrees), depending on the location (best for northern
parts, worst for southern parts of the H-SAF area)

Accuracy: To be assessed - Tentative: 20 mm - Depending on geographical situation
(flat/forested, mountainous)

Timeliness: Fixed time of the day, product updated to account for data available until 1
h before delivery

Dissemination: By dedicated lines to centres connected by GTS - By EUMETCast to
most other users, especially scientific

Formats: Values in fixed latitude/longitude grid, each representing the area covered by

the nominal resolution of the used instrument. - Also JPEG or similar for quick-look.
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