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PROBLEM STATEMENT

Spatial Random Fields SRF

SRF SPATIAL STATISTICS

Dual-pol backscatter

InSAR coherence

Digital surface models

SRFs depend on forest 
geometric (horizontal and 

vertical structure functions)  
and dielectric properties

How well do these statistical 
features characterize the 

forest spatial distribution?

Caveat: these features are 
not measures of the forest 

geometry (e.g. crown width, 
tree density)



STATISTICAL MEASURES AND TOOLS

 vvhvhh SSS 2

Spatial random field

Multivoice wavelet 
frame transform

Two-point statistic 
provided by wavelet 

coefficients

Two-point statistic: 
Structure Function of 

order 2
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Wavelet Variance as 
a function of scale

)()(2  scalefxw 
WASS Wavelet Scaling Signature

Slant range dual-pol power and 
coherence data (mono bi-static)



STATISTICAL MEASURES AND TOOLS 

 vvhvhh SSS 2 )()(2 sfxWs 

More wavelet statistics…..
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Wavelet variance

Wavelet normalized 
fourth moment (kurtosis): 

flatness factor
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Wavelet Cross-covariance

Autocorrelation
Non-stationarity

Intermittency
Flatness of PDF tails

Crosscorrelation



Wavelet variance scaling for random fields: examples
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White noise
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Brown 1f Process b=1

y=x
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Non-stationary Brown 1/f
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Wavelet variance scaling for random fields: examples

 vvhvhh SSS 2

Correlated Noise
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TanDEM-X HH-HV Backscatter

Data provided by DLR AO-2010 VEGE0330 
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TanDEN-X HH-HV Backscatter

Data provided by DLR AO-2010 VEGE0330 
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TanDEM-X HH-HV Backscatter

Data provided by DLR AO-2010 VEGE0330 
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TanDEM-X HH-HV Coherence
Wavelet Variance WASS

Data provided by DLR AO-2010
InSAR processing by SARMAP 
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TanDEM-X HH-HV Coherence
Wavelet Flatness Factor

Data provided by DLR AO-2010
InSAR processing by SARMAP 
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TanDEM-X Bistatic Scattering

Regrowth

Forest

WASS Master Slave



TanDEM-X Bistatic Scattering
Cross-covariance Master Slave

Regrowth

Forest



CONCLUDING REMARKS

Future work on horizontal 
forest structure…..

Many thanks and bravo to DLR for the 
wonderful opportunity bestowed on us 

by the TanDEM-X mission

…and perhaps have a look at anisotropic 
SRFs,  extinction estimates, more forest 

types…try to understand better those 
weird signatures…

Leb wohl, so long to all 
TanDEM-Xers

Frank


