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The radar equation

Transmiting antenna

Transmited power: Receiving antenna

p=bCle4a W
4

1

Receiving irradiance at distance R:

Target / x\

_ PG,
' 47 R?

Radar Cross Section (m?)
Intercepted power from the target (W): P, = 4;; R2

P, PG, RCS
Intensity emited from the target (isotrope): I'= 4; AR 4n (W /sr)

(W/ m?)

dS PG, RCS
i i . P =1dQ =] — =—=—*¢ ds w
Power received by surface dS at distance R’: £ RZ 4R’ 4xR> (W)




The radar equation

Transmiting antenna

. . Receiving antenna
Power received by dS at distance R’

PG. RCS
Pr —_e e2 >
47 R° 47 R

(W)

Recived irradiance at distance R’

PG, R
¢ _BG. RCS

— W/ m?
" 4xR? 47R” ( )

Power received by the antenna:

(W)



The radar equation
/\Radar Cross Section (m?)

2
Power received by the antenna: dP. = PG, ‘RCS G, A
ArR* 4x 4m R’

(W)

Case of expanse surfaces:

RCS
Radar Backscattering Coefficient: o =d_2 (m%m?)

[]Analogous to the reflectance in Optical domain

PG o'dX G X’
dl)r — e 82 r >
47R*> 4w 4nR

, @) R
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nddar images

interpretation rules
2 cases of figure:

Surface scattering (interaction occurs at the interface between beth media)

Incident wave \

]/
/\\

Volume scattering (interaction with multiple elements = scatterers)

Beam of Incident Illumination




Radar images interpretation
rules

Scattering Mecanisms over vegetation

1: vegetation only

2. soll-vegetation interaction

3: soil attenuated by vegetatiol



Radar images interpretation
rules

Dense vegetation

Vegetation contribution

==> Volume scattering




Radar images interpretation
rules

Sparse vegetation

Solil attenuated by vegetation

==> Surface scattering




Radar response sensitivity

bare soils or water surfaces

Surface Scattering



Radar images interpretation

rules
Surface scattering

>0l medium ==> scattering at the interface

Coherent Component \ \

Diffuse Component

Surface roughness is refered to the radar wavelength

A
o<
I 8cosO

==> smooth surface

=7 )T
|

o: rms height

ERS (A=5cm, 6=23°): s> 2.102 every soil is rough!



Radar images interpretation
rules

@ 109

Backscattering Coeffici
L -

o° (dB}

ackscattering Coefficient
un

Surface scattering

Smooth surface

f. 4.25 GHz
Polarization: HH
rms Height o 1.1 cm

m, =0,34gcm™?

m, =0.05gcm3
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f: 4,25 GHz
Polarization: HH
rms Helght o: 4.1 cm

;—-———-—'________._____-_-.---_21v * 0.38 g cm3

Angle of Incidence e (Degrees}
th)

Soil roughness: angular effect

Soll moisture: shift level effect



Radar response sensitivity

ERS (bande C, 23°, VV): 9 mars 1999



Radar response sensitivity

Over surface water:
surface roughness too

N\ N\

ERS (bande C, 23°, VV): 9 mars 19




Typhon Isidore
Mexico - 21.09.2002

ASAR MERIS (600 m)



Frequency - wavelength

Exercice: why is it required to know the wavelength A?

Ar
d,

JERS sensor ERS sensor
(Bande L, A = 25 cm) (Bande C, A = 6 cm)
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Over bare soil: depends on
Roughness
Soil moisture
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Flooded areas monitoring
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Radar ERS

Penetration effect

optical
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Desert Algeria




Effect of
penetration
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band L




The Chott El Jerid, Tunisia
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Discharge playa from a major aquifere
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 Temporary flooding

Playas: Evaporites (saline deposits)




Flooded / dry surface

Wettest months

sudden smoothing due to dissolution of saline crust
+ dramatic change of diel. const. (saline solution)

Summer months:
evaporation [] halite crystal growth [] increase of roughness

Lab and ground measurements, Death Valley
(roughness, dielectric constant)




ASCAT temporal signature over the Chott el Jerid

Incidence angle: 40°
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High temporal dynamic (> 10 dB)
Linked to environment seasonal variations
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ASCAT temporal signature over the Chott el Jerid

Incidence angle: 40°
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ASCAT/ASAR temporal signature over the Chott el Jerid

Incidence angle: 40°
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Polarimetric data classification
Chott El Djerid

Classification H/A/alpha

Decomposition de Pauli

Radarsat-2 - 17 avril 2009



Radar response sensitivity

Over vegetation

Volume scattering



Radar images interpretation
rules
Volume scattering

Beam of Incident Illumination

Inhomogeneous medium (vegetation cover

. *%‘é)ﬁj% o each inhomogeneity (eaves, branches....)
\ ~ . . . . .
o o \¢r x @ B o scatters incident wave in all directior

Multiple scattering

+ ==> wave attenuation within the layer
Absorption



Radar images interpretation
rules
Volume scattering

C band

L band P-band

Penetration Depth:

A
4 Im(+e)

0

Biomass \

Penetration / {

wavelength 7~



Bande C

Radar response over French Guiana
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Radar response sensitivity

o Pl W

AR SASASY T
e P SR G

Bare soils

Glacielce

Penetration depth is proportional to A



Radar images interpretation

rules

o’ (dB)

10+

-30

Radar response over forest

0 100 200 300 400 500 600

BIOMASS (t/ ha)



Volume Scattering

Backscattering Coefficient (dB)

C band L band P band
0+ 0
. g . g
o m : o N
g 4 - I § -10.3 . % ._10.5
o “5‘ #6 h
‘}‘8‘{“‘“ s | 15 %p‘ A %"5-:
. ] . j
g 20 i | g -
g-ﬂs-i g -25-f
. ] a j
PR Y TR PPUYE PTPT PP =30 T TPV TP Logaudos s ks 30_* . I
G 50 100 150 200 250 300 380 500 50100150200250300350 80 0 50100150200250300350
Biomass (tons/ha) : Biomass (tone/ha) Biomass (tons/ha)
20 tons/ha 40 tons/ha 100 tons/ha

from Imhoff et al. 19?



Radar response sensitivity

Backscattering mechanism on vegetation

Soil-Trunk Reflection
{Corner Reflector)

Canopy
Backscattering-

Canopy-Soil
Reflection

Soil
Backscattering
=



Land surfaces monitoring with radar data
]

Radar observations sensibility
A=6cm A=25cm A=70cm
‘| Biomass

' Structure and moisture of vegetation

' Roughness and moisture of soils

Access to key variables of ecosystem functionning

"l Vegetation discrimination (type, espéces, état,....)
[l Biomass (Net Primary Productivity)

' Vegetation phenology (periods of activity)

' Hydrological states of plant covers (stress, ....)

0 Soil moisture



Radar response sensitivity

Local Agricultural Deforestation along road




Radar response sensitivity
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Radar response sensitivity
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Radar response sens




Temporal evolution monitoring
All weather: no seasonnal constraint




Radar response sensitivity

v | R0 0 F2 2000: Update of the marine map

Source: SHOM/ Univ-MLV




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

o T

C Band (ASAR):
Sensitive to sandy and silty soils

Bande L (PALSAR):
Better discrimination
of geological structures

Remnant of alluvial system
and lacustrine depressions




Color composite image | Changes image(HSV)

PALSAR Fine Beam Jan. 2007 — Apr. 2009
HH polarization



ponds

Millet fields
(depend on orientation!)

PALSAR
HH polarisation
Jan. 2007 - Mar. 2009

Stong penetration on sandy soils



Changes detection: C band / L band comparaison

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




Changes detection: C band / L band comparaison

PALSAR (A =24 cm)

Strong penetration on sandy soils Weak penetration on sandy soils
ponds surface states changes
Millet fields sandy soils, ponds
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