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RADAR:
RAdio Detection And  Ranging

Imaging RADAR PALSAR (© NASDA)

US Army

Road RADAR (© US police)

Radar Fundamentals

Emition of emw

Receptionbackscatteredechoes



Radar remotesensingfor land surfaces monitoring 

Remotesensing:
Optical sinceтлΩǎ
Radar since1991

Source: CCT

wavelength:l > 1cm

Coherent wave

RADAR: Radio Detection and Ranging

Echoesare rangedaccordingto 
Antennaςtargetdistance
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Diversity:

wavelength(2 cm, 3 cm, 6 cm, 24 cm)
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spatial: 1 m ς50 km
temporal: 1 dayς1 month
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Radar remotesensingfor land surfaces monitoring 

Remotesensing:
Optical sinceтлΩǎ
Radar since1991

Diversity:

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

Resolution

spatial: 1 m ς50 km
temporal: 1 dayς1 month

polarization

Interestof Radar remotesensing: 

Complementaryobservations (vsOptical)

insensitiveto the atmosphereand the presenceof clouds

night/dayobservations



no problemwith rain and cloudyconditions

Radar, ERS Optical, SPOT



Radar remotesensingfor land surfaces monitoring

l= 6 cm l= 25 cm l= 70 cm

FBiomass

FStucture and moisture of the vegetation

F soil roughness and moisture

Radar sensitivity

Access to keyvariables in ecosystemsfunctioning

F vegetationdiscrimination (type, speciesΣ ǎǘŀǘŜΣΧΦύ

FNet primaryproductivity

FPeriodof vegetationactivity

Fwater state of vegetationcover(water potentialΣ ǎǘǊŜǎǎΣ ΧΦύ



ERS satellites
Scatterometer

ESCAT

Altimeter

ERS-1: July1991

ERS-2: April1995
SAR



v : sensor velocity

Azimuthaldirection

(image lines)

Emitted pulses at PRF

Swath S

Range direction
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Swath 

Sub-satellite track

SidelookingRadar sensor

SAR

Spatial resolution

Radiometricresolution

Coherentesum(A, f)

Rawechoesprocessing

high (1 - 30 m)

low (speckle) 
Temporal periodacquisitions

High (~ month)  Gup to 2015!

Scatterometers

Incoherentsum(I)

low (10 ς50 km) 

high (ELN ~400) 

low (~ day)
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Ideal scene

Compression in distance

Raw echoes



SARScatterometers

L = v . Exp. Time

Spatial resolution

Radiometicresolution

Coherentsum(A, f)

Rawechoesprocessing

Fine (1 - 30 m)

Low(speckle) 

Originallydesigned

Land - seas

Incoherentsum(I)

Low(~10ς50 km) 

High(ENL ~400) 

seas(winds)



Radar remotesensingfor land surfaces monitoring

SAR:
F surface imaging

ωhigh spatial resolution: ~ 10 m

ωlow frequencyof acquisition (~ month)

Scatterometers: 
FRadar eflectivityestimation (s°)

ωlow spatial resolution: ~ 10 ς50 km

ωhigh frequencyof acquisitions (~ day)

¢-25 dB ²-6 dB

Scatt. ERS ïMay 1992
Sentinel-1 

Les landes ïMarch 2015

VV ïHV ïVV/HV

Sidelooking radar sensors



Sidelooking radar sensors
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Radar remotesensingfor land surfaces monitoring

Original resolutioncell

X
r

Surface after

summation

Scatterometers: 
FRadar eflectivityestimation (s°)

ωlow spatial resolution: ~ 10 ς50 km

ωhigh frequencyof acquisitions (~ day)

¢-25 dB ²-6 dB

Scatt. ERS ïMay 1992



ERS Scatterometer:
global image of s0(40°)

May 1992



ERS Scatterometer:
global image of s0(40°)

June1992



ERS Scatterometer:
global image of s0(40°)

July 1992



ERS Scatterometer:
global image of s0(40°)

August 1992



ERS Scatterometer:
global image of s0(40°)

Sept. 1992



ERS Scatterometer:
global image of s0(40°)

October1992



ERS Scatterometer:
global image of s0(40°)

Nov. 1992



ERS Scatterometer:
global image of s0(40°)

Dec. 1992



ERS Scatterometer:
global image of s0(40°)

January1993



ERS Scatterometer:
global image of s0(40°)

February1993



ERS Scatterometer:
global image of s0(40°)

March 1993



ERS Scatterometer:
global image of s0(40°)

April 1993



The African Sahel

ωAlargedry season(from Octoberto June) followedby a short rainy
season(June-September)

ωVegetation (natural or crops)
Ĕstrongly linked to precipitation    

system



Temporal evolutionof s0(45°) : Rharous

Dry year Wet year

s0 (45°)



Modelization

hc

Sahelian
vegetation

Growth
model
(STEP)

Radiative
Transfert

model
(Karam, 1992)

ωDaily meteo data

ωSoil parameters

ωSoil roughness

ωVegetation parameters

Calibration
with in situbiomass

measurements

Daily surface parameters :
ωBiomass
ωSoil moisture

Simulated
Backscattering

coefficient
s0(t)



Radiative transfert model

hc

h1

h2

Observed scene Simulated scene

hm



Résultats de modélisation à 45°



Inversion method : Biomass production map 

at a regional scale

Biomass + soil moisture:

ČERS WSC+ METEOSAT

Validated over 4 pastoral sites 

(Gourma and Seno regions)
Absolute errors: 

~ 200 kg DM / ha

T Relative error : 17 %

(kg Dry Matter / ha)

Seno

Biomass production map: 2000



S
N

D
V

I 
V

E
G

E
T
A

T
IO

N

Åoverall good agreement between both sensors

Åweaker values with respect to vegetation
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Maximum herbaceousmass, year1999

Spatialisation  : Comparaison à VEGETATION/SPOT4 (2)



The Chott El Jerid, Tunisia

60 km

A vastevaporitic(80 x 120 km)playas(evaporite= saline deposits)

Dischargeplayafrom a major aquifere+ occasionalrunoff from neighbouringplaya(Fedjadj).

Č Temporaryflooding Č

Wettestmonths

suddensmoothingdue to dissolution of saline crust

+ dramaticchange of diel. const. (saline solution)

Summermonths:
evaporationČ halite crystalgrowthČ increaseof roughness

Flooded/ dry surface



ASCATtemporal signature over the Chott el Jerid

High temporal dynamic (> 10 dB)
Linked to  environment seasonal variations

Incidence angle: 40Á
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ASCATtemporal signature over the Chott el Jerid

Incidence angle: 40Á
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Precipitation, Tozeur, 2009



: METOP ïASCAT

: ENVISAT - ASAR 
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ASCAT/ASAR temporal signature over the Chott el Jerid
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Satterometertemporal frequency (< 2 days) well suitedfor monitoring seasonnaldynamic
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ASCATtemporal signature over the Chott el Jerid



ASA_WSM_1P

Wide Swath Medium Resolution

Res: 150 x 150 m

pixel spacing: 75 x 75 m

11.5 looks

ASAR ïWIDE SWATH: Multidate composition (year 2009)

16 May

29 August

19 October



Radar remotesensingfor land surfaces monitoring

SAR:
F surface imaging

ωhigh spatial resolution: ~ 10 m

ωlow frequencyof acquisition (~ month)

Sentinel-1 

Les landes ïMarch 2015

VV ïHV ïVV/HV

Sidelooking radar sensors

qazt

Illumination duration
v

~ 5 km



Radar remotesensingfor land surfaces monitoring

SAR:
F surface imaging

ωhigh spatial resolution: ~ 10 m

ωlow frequencyof acquisition (~ month)

Sentinel-1 

Les landes ïMarch 2015

VV ïHV ïVV/HV

Sidelooking radar sensors

Large unique synthetic antenna

~ 20 m
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Ideal scene

radar Image Single Look ComplexCompression in distance

Compression in AzimuthRaw echoes
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Bande X l~ 3 cm F ~10 GHz

Bande C l~ 6 cm F~5 GHz

Bande L l~ 25 cm F~1,2 GHz

Bande P l~ 60 cm F~500 MHz

Frequency- wavelength

0
f

c
Tc ==l

Radar band frequencies/ wavelengths



LPC

L Band ςVV pol. P Band ςVV pol.

C Band ςVV pol.

Frequency- wavelength

TubuaiIsland, Vegetationdiscrimination



ComparisonbetweenC and L band

ASAR(l = 6 cm) PALSAR (l = 24 cm) 

C Band (ASAR):
Sensitive to sandysoils

L Band (PALSAR):
Betterdiscrimination of
burriedgeologicalfeatures

Remnantof alluvial systems

F Higherpenetration of L band over sandysoils



ASAR(l = 6 cm)PALSAR(l= 24 cm) 

ComparisonC band / L band for change detection

12 images: Jan. 2007 ςavr. 2009 5 images: Jul. 2005 ςDec. 2005



ComparisonC band / L band for change detection

Lowpenetrationover sandysoils
changes due to surface states variations 

+ water ponds

High penetrationover sandysoils
changes over water ponds 

+ millet fields

ASAR(l = 6 cm)PALSAR(l= 24 cm) 
12 images: Jan. 2007 ςavr. 2009 5 images: Jul. 2005 ςDec. 2005



C Cedric Lardeux

Polarization

Important characteristicsof  cohetentEMW:

Electromagneticfield evolutionis predictable

Most general: Elliptical polarization

Source: IETR



Radar : 
transmitsa EMW in a givenpolarization

measuresthe backscatteredwavecontribution in a givenpolarization

horizontal polarizationVertical polarization

Polarization


