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Prospects 

• Combine (nested): 

  Regional: Hypertemporal; 

  Local:  
- Hyperspatial,  
- Penetrating signals 

(Radar/Lidar); 

  Very local: detailed Ground 
data (incl. 3D, e.g. TLiDAR). 

 

• Need of Biological & Physical 
models 

 

 

 



A biological / physical  

modelling framework 

D1 D2 D3 D4

D5 D6 D7 D8

Radiative 
transfer 
(DART) 

 
 

3D stand models  Canopy images 



• Stereophotogrammetry 
 
• TLiDAR 

Tree architecture: Towards better scene modelling  

http://photosynth.net/view.aspx?cid=75df39ad-838e-48e2-bf97-c56f5a6fd3e9




Quantifying structure 
 

• Approaches in spatial statistics for grid data (e.g. 
Images or regular series) : 
 
– Structure: delineate patches and analyse their shape 

properties. 
 e.g. size, area, perimeter,… 
 
 
– Texture: Quantify spatial correlation. 
 e.g. auto-correlation, variography, spectral analysis. 

 
 



Quantifying structure 
 

Spectral analysis  

 
Partition of variance into frequencies using periodic 

(sine/cosine) functions 

 

Particularly appropriate for periodic patterns 

 

Quantify dominant wavelengths (regularity) and orientations 

(symmetry) 

 

Powerful, well known properties yet rarely used in Ecology 

 
 



Fourier transform (1D): 

Amplitude and phase 

Periodogram 

A gridded series of values (quantitative) 



Fourier transform (2D): 

Amplitude and periodogram 

Polar coordinates 

=> Simplification to r-spectrum and θ-spectrum 
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• Pattern comparison: 
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Cross-periodogram 

Cross-amplitude 

Phase spectrum 

Coherency spectrum [0,1] ~ scale specific correlation 



• Pattern comparison: Cross-spectral analysis 
– Scale specific correlation analysis 

– Coherency = correlation coeff. between frequencies 

– Phase = shift between coherent frequencies 
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• Pattern comparison using r-spectra 
 

– Values for different frequencies are independent 
 

– They follow a χ2 distribution 
 

– Spectral ratio follows a F distribution 
 

– Ordination - Classification 
 





LIDAR 
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Canopy height (LiDAR CHM [m])0 60

T
o
p
o
g
ra

p
h
ic

m
o
is

tu
re

in
d
e
x

Low

High

y = 8.3482x - 67.192
R² = 0.9479

0

50

100

150

200

250

300

350

15 20 25 30 35 40 45 50

P
lo

t 
b

io
m

a
s
s

 [
T

 M
S

 h
a

-1
]

CHM height [m]



 



RADAR 



 

GeoEye 3-4-2 



TerraSar X HS 



TerraSar X HS 



FOTO texture PCA1-2-3 


