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Electromagneticadiationcomingfrom the Earth
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Radar Fundamentals
e

RADAR:
RAdio Detection And Ranging

Emition of emw
Receptiomackscatteredechoes

US Army

Imaging RADAR PALSAR (© NASDA)

Road RADAR (© US police)



Radamremote sensingor land surfaces monitoring
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Remotesensing
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Radarsincel991
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Source: CCT ' PULSE At
&— RANGIN G
© ahets:

RADAR: Radio Detection and Ranging

Echoesrerangedaccordingto
Antennac target distance
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Radamremote sensingor land surfaces monitoring
]

Remotesensing
Opticalsincer 1 Qa
Radarsincel991

Diversity
wavelength(2cm, 3 cm, 6 cm, 24 cm)
Resolution

spatial:1 m¢ 50 km
temporal:1 day¢ 1 month

polarization
Interest of Radarremote sensing

Complementarobservations\{sOptical)
Insensitiveto the atmosphereand thepresenceof clouds

night/dayobservations



no problemwith rain andcloudyconditions
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Radaremote sensindgor land surfaces monitoring
1

Radarsensitivity
| =6cm | =25¢cm | =70 cm
F Biomass

F Stucture and moisture of the vegetation

F soil roughness and moisture

Access tkey variables inecosystemdgunctioning

F vegetationdiscrimination(type,speciex a il 1S X D0
F Netprimaryproductivity
F Periodof vegetationactivity

F water state ofvegetationcover(waterpotentialz aid NBaasx X®o



2ERS satellites =7

ERS-L: July199L:
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Sidelooking Radarsensor

V : sensor velocity y

Azimuthal resolution: 'r, = R —

L

Emitted pulses at PRE
L Subsatellite track
= > by,
N
Azimuthal direction

(image lines)

Range direction

: A.N: L=10 m,/ =5.6 cm, H =700 kmg=23°
(imagecolomng

r,°4.2 km



Radar Imaging, spatialresolution

N. A.: PulseBandwith B ¢ 15 MHz ==> X, 210m



Radar Imaging, spatialresolution

b X,, 4.2 km
X, 210 m



SidelookingRadarsensor

Scatterometers ; SAR
Rawechoesprocessing
Incoherentsum(l) . Coherentesum(A, 1)

Spatialresolution
low (10¢ 50 km) . high (1- 30 m)

Radiometricresolution
high (ELN~400) : low (speckle)
Temporalperiod acquisitions
low (~ day) - High (~ month) Gup to 2015!



Raw echoes

ldeal scene




Scatterometers . SAR

Rawechoesprocessing

Incoherentsum(l) . Coherentsum(A, 1)

Spatialresolution

Low(~10¢ 50 km) . Fine(1-30 m)
Radiometi_cresolution
High (ENL~ 400) . Low (speckle)
Originallydesigned
seas(windsg Land- seas

| L=v.Exp. Time |
| !




Radaremote sensindgor land surfaces monitoring
T
Sidelooking radar sensors

Scatterometers SAR:
F Radareflectivityestimation (") F surfaceimaging
wlow spatial resolutiorn: ~ 10¢ 50 km whigh spatial resolution ~ 10 m
ahigh frequencyof acquisitiong(~ day) wlow frequencyof acquisition (~month)

VW HV  VVIHV ¢

¢ -25 dB 2-6 dB
Scatt. ERS T May 1992

Sentinel-1
Les landes T March 2015



Radaremote sensindgor land surfaces monitoring
1
Sidelooking radar sensors

Scatterometers
F Radareflectivityestimation (")

wlow spatial resolution: ~ 10¢ 50 km

uhigh frequencyof acquisitions(~ day)
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summation

Original resolutioncell

R T A

¢ -25 dB 2.6 dB
Scatt. ERS T May 1992



ER$catterometer
global image 0§°(40°)

255 165 -155  -125 95 6.5 (dB) May 1992



ER$catterometer
global image 0§°(40°)

255 165 -155  -125 95 6.5 (dB) Junel992



ER$catterometer
global image 0§°(40°)

255 165 -155  -125 95 6.5 (dB) July 1992



ER$catterometer
global image 0§°(40°)

255 165 -155  -125 95 65 (@B)  August 1992



ER$catterometer
global image 0§°(40°)

255 165 -155  -125 95 6.5 (dB) Sept. 1992



ER$catterometer
global image 0§°(40°)

255 165 -155 -125 95 65 @B) (QOctober1992



ER$catterometer
global image 0§°(40°)

255 165 -155  -125 95 6.5 (dB) Nov. 1992



ER$catterometer
global image 0§°(40°)

255 165 -155  -125 95 6.5 (dB) Dec 1992



ER$catterometer
global image 0§°(40°)

255 165 -155 -125 95 65 @)  Januaryl993



ER$catterometer
global image 0§°(40°)

955 165155 <125 95 65 @) Februaryl993



ER$catterometer
global image 0§°(40°)

o= o

255 -165 -155  -125 95 -6.5 (dB) March 1993



ER$catterometer
global image 0§°(40°)

255 165 -155  -125 95 6.5 (dB) April 1993



The African Sahel
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wAlargedry seasonfrom Octoberto Jung followed by ashortrainy
seasonJuneSeptembey

Domaine Soudanien

wVegetation (natural or crops)
E strongly linked to precipitation
system
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Modelization

. 1

| Radiative
Sahelian
vegetation Transfert
Growth ‘ #‘ model
g%Eep) (Karam, 1992)
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Radiative transfert model

Observed scene Simulated scene




Gossi (16.0°N)

Rharous (16.5°N)

Reésultats de modélisation a 45

Rainfall (mm) Rainfall (mm)
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Inversion method Biomass production map
at a regional scale

Biomass + soil moisture:

hd

C ERS WSC+ METEOSAT

Validated over 4 pastoral sites

(Gourma and Seno regions)

Absolute errors:
~ 200 kg DM / ha
T Relative error 17 %

0 500 1000 1500 2000 2500



Spatialisation : Comparaison a VEGETATION/SPOTA4 (2)
Mammumherbaceousmass year1999
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weaker values with respect to vegetation



The Chott Elerid Tunisia

T Avastevaporitic(80 x 120 kmplayas(evaporite= salinedeposit9

Dischargelayafrom a majoraquifere+ occasionatunoff from neighbouringplaya(Fedjadj.

C Temporaryflooding C Flooded dry surface

Wettestmonths

suddensmoothingdue to dissolution of salinerust
+dramaticchange ofdiel. const (saline solution)

Summemonths
evaporationC halite crystalgrowth C increaseof roughness



ASCATemporal signature over th€hott elJerid

Incidence angle: 49
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High temporal dynamic (> 10 dB)
Linked to environment seasonal variations
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ASCATemporal signature over th€hott elJerid

Incidence angle: 49
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ASCATemporal signature over th€hott elJerid
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Incidence angle: 49
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Satterometetemporalfrequency (< 2 day9 well suitedfor monitoring seasonnatlynamic



i0N (year 2009)
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Radaremote sensindgor land surfaces monitoring
T
Sidelooking radar sensors

SAR:
F surfaceimaging

—

| Hlumination duratior| ~—, whigh spatial resolution ~ 10 m

il

wlow frequencyof acquisition (~month)

Y Can

N\

~5km

“Sentinel-1
Les landes T March 2015



Radaremote sensindgor land surfaces monitoring
T
Sidelooking radar sensors

SAR:
Large unigue synthetic antenna F surfaceimaging

|/ \|
N ’l

whigh spatial resolution ~ 10 m

wlow frequencyof acquisition (~month)

~20m

Les landes T March 2015
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Frequency wavelength

Radar bandrequencies wavelengths

Bande X | ~3cm F~10 GHz
Bande C | ~6cm F~5 GHz
Bande L | ~25cm F~1,2 GHz
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ComparisorbetweenC and L band
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Betterdiscrimination of
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ComparisorC band / L band for changetection

PALSAR/ = 24 cm) ASAR/ =6 cm)
12 images: Jan. 20@/avr. 2009 | 5 imagesJul 2005¢ Dec 2005




ComparisorC band / L band for changetection

PALSAR/ = 24 cm) ASAR/ =6 cm)
12 images: Jan. 20@/avr. 2009 5 imagesJul 2005¢ Dec 2005

S g e

e T

Highpenetrationover sandysoils Lowpenetrationover sandysoils
changes ovewater ponds changes due to surface states variatior
+millet fields +water ponds



Polarization

Importantcharacteristicef cohetenEMW:

Electromagnetidield evolutionis predictable

Ez,0
Mostgeneral Elliptical polarization

X

Source: IETR /




Polarization

Radar :

transmitsa EMW in agivenpolarization
measureshebackscatteredriavecontribution in agivenpolarization

Vertical polarization horizontalpolarization

Champ a la surface

électrique




