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Folie 2
L-band Pauli RGB Image 
Test site: Dornstetten, Germany

Penetration into Vegetation

Vertical Reflectivity Profile (HH)

Vertical Reflectivity Profile (Pauli)
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Vertical Resolution: Nadir Looking Case
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Height resolution = (Slant) Range  resolution: 

W: pulse (i.e. system) bandwidth;  τ := Pulse duration
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Vertical Resolution: Side Looking Case (Slant) range  resolution: 

W: pulse (i.e. system) bandwidth  
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Vertical Resolution: SAR Tomography

Normal angular resolution: 
X

n L2




Normal spatial resolution: 0
X

n R
L2




Example: R0=5.0Km:   Normal Resolution: 5m ► Lx=120m

(L-band) R0=850Km:  Normal Resolution: 5m ► Lx=20km  
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Vertical Resolution (Slant) range  resolution: 

W: pulse (i.e. system) bandwidth  

W2
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Normal spatial resolution: 0
X

n R
L2


z

y
►The 3D resolution cell is determined by the (pulse) bandwidth W and the 

length of the synthetic aperture in azimuth La and cross-range direction Lx.

► The vertical resolution is determined by the (pulse) bandwidth W and the 

length of the synthetic aperture in cross-range direction Lx.
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L-band – Oct. 2009

P-band – Nov. 2009 

Lidar Top Height

Traunstein Site, 5 tracks, E-SAR, Capon, HH-Polarisation

Forest Vertical Reflectivity: L- vs P-band
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Data Sets & Tomogram Examples (Capon, ABF) – HH 

Slant range (~1.5Km)

Dry day
10 Jun. 2008

Hor. bas.: 0, 5, 10, 15, 25
580m

680m

Wet day
12 Jun. 2008

Hor. bas.: 0, 5, 10, 15, 25
580m

680m

Slant range (~1.5Km)

Spring
11 May 2009

Hor. bas.: 0, 5, 10, 15
580m

680m

580m

680m
Autumn
28 Oct. 2009

Hor. bas.: 0, 5, 10, 15
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Tomogram Examples (Capon, ABF) – HH, VV, HV

Slant range (~0.6Km) Slant range (~0.6Km)Slant range (~0.6Km)

590m

650m HH

590m

650m VV

590m

650m HV

590m

650m HH

590m

650m VV

590m

650m HV

Slant range (~0.6Km) Slant range (~0.6Km)Slant range (~0.6Km)

590m

650m HH

590m

650m VV

590m

650m HV

590m

650m HH

590m

650m VV

590m

650m HV
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L-band – Oct. 2009

P-band – Nov. 2009 

Lidar Top Height

Traunstein Site, 5 tracks, E-SAR, Capon, HH-Polarisation

Forest Vertical Reflectivity: L- vs P-band

L-band  HH+VV L-band  HH-VV L-band  HV

P-band  HH+VV P-band  HH-VV P-band  HV
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L-band – Oct. 2009

P-band – Nov. 2009 

Lidar Top Height

Forest Vertical Reflectivity: L- vs P-band

Traunstein Site, 5 tracks, E-SAR, Capon, HH-Polarisation

L-band  HH+VV L-band  HH-VV L-band  HV

P-band  HH+VV P-band  HH-VV P-band  HV
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Interferometric 
Coherence

Temporalγ~ …  temporal  decorrelation

… additive noise decorrelationSNRγ

Volumeγ~ … geometric decorrelation

VolSNRTemporal γ~γγ~γ~ 
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SAR Interferometry for Volume Structure
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… vertical reflectivity function 
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Interferometric 
Coherence

Temporalγ~ …  temporal  decorrelation

… additive noise decorrelationSNRγ

Volumeγ~ … geometric decorrelation

VolSNRTemporal γ~γγ~γ~ 
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SAR Interferometry for Volume Structure
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… vertical reflectivity function 

SAR interferometry allows to reconstruct the

vertical reflectivity function f(z) of a volume

scatterer by means of interferometric (volume)

coherence measurements at different vertical

wavenumbers κZ , i.e. at different spatial baselines.
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)w,z(f


…vertical reflectivity function

Polarisation 1  (w1):

)w,z(f 1
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Polarisation 2  (w2):

Polarisation 3 (w3):
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Polarimetric SAR Interferometry






v

v

z

oz
h

o

3

h

o

zik
3

zik
3Vol

dz)w,z(f

dze)w,z(f

e))w,z(f(γ~










v

v

z

oz
h

o

2

h

o

zik
2

zik
2Vol

dz)w,z(f

dze)w,z(f

e))w,z(f(γ~










v

v

z

oz
h

o

1

h

o

zik
1

zik
1Vol

dz)w,z(f

dze)w,z(f

e))w,z(f(γ~





By changing the polarisation the contrast between

the individual components consisting the vertical

reflectivity f(z) of a (volume) scatterer changes.
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2 Layer Inversion Model

)z(fV … volume reflectivity function
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2 Layer Inversion Model

“Volume Extinction”

… volume reflectivity function = exponential function 











 0θcos
zσ2

V e)z(f

Volume LayerGround Layer

)zz(δmem)z(f 0G
θcos

zσ2

V
0 











Volume
Coherence

)z(f




v

v

z

oz
h

o

h

o

zik

zik
zVol

dz)z(f

dze)z(f

e)k),z(f(γ~



Microwaves and Radar Institute > 30.05.2006
Microwaves and Radar Institute

Elevation Model

Traunstein Test Site

2003 Oct.

50

40

30

20

10

0m

Forest type Temperate 

Topography Moderate slopes

Height 25 ~ 35m

Species N. Spruce, E. Beech, White Fir

Biomass 40 ~ 450 t/ha

Pol-InSAR Forest HeightHV Amplitude Image
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2008 June

Traunstein Test Site

2003 Oct.
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20

10

0m
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X-band

Tropical Forest Height from Pol-InSAR 

INDREX-II: Mawas Test Site
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Structure-to-Biomass Allometry
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TanDEM-X: TerraSAR-X Add-on for Digital Elevation Measurements

DEMs
Spatial 

Resolution
Absolute Vertical 
Accuracy (90%)

Relative Vertical Accuracy (point-
to-point in 1° cell, 90% 

DTED-1 90m x 90m < 30m < 20m

DTED-2 30m x 30m < 18m < 12m

TanDEM-X DEM 12m x 12m < 10m < 2m

HDEM 6m x 6m < 5m < 0.8m
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Dual-Pol: 2 Layer Scattering Model
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Probably Harvested

r²=0.86 
RMSE = 2.02m

Probably Harvested

r²=0.90 
RMSE = 1.58m

Test Site: Krycklan, Sweden

r²=0.93 
RMSE = 1.44m

Lidar H100 Single-Pol + DEM H100 Dual-Pol H100
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Lidar H100

Single-Pol (HH) + DEM H100 Dual-Pol H100

Single-Pol (HH) + DEM Dual-Pol

Test Site: Traunstein, Germany
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Forest Structure Characterisation

Old forest, 10 years after a fire event Old forest, 200 years after a fire event

Young forest, 50 years old Old forest, 500 years old

Microwaves and Radar Institute > 30.05.2006
Microwaves and Radar Institute

04.01.2011
24.12.2011

13.12.2011
25.08.2012
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Traunstein Test Site

Dry day
10/06/2008

Wet day
12/06/2008

HV Amplitude Image Pol-InSAR Forest Height Pol-InSAR Forest Height 

0m 40mHeight
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Traunstein Test Site

HV Amplitude Image Pol-InSAR Forest Height 

Spring
11/05/2009

Pol-InSAR Forest Height 

Autumn
23/11/2012

0m 40mHeight
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)z(f … vertical reflectivity function

Polarimetric Coherence Tomography 

Volume
Coherence
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Test site: Traunstein, Germany,  L-band @ HV Polarisation
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PCT Reconstruction from 2 Baselines

Mixed Forest Stands

Mature Spruce Stands 

Vertical Forest Profile Reconstruction


