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* Combine (nested):

= Regional: Hypertemporal;

" Local:
- Hyperspatial,
- Penetrating signals
(Radar/Lidar);

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

| « Need of Biological & Physical
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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




A gridded series of values (quantitative)
X(j)
Y(H=X(j)-X
Y(j)=y1, ¥2...j---Yn
Fourier transform (1D):
F(w)= i y,; cos(@y) +iy; sin(e)) = a(w) +b(w)i

w=2mp/n (p=1, 2, ..., n/2)

Amplitude and phase

A(®) = \Ja(®)? + b(w)?
B(w)=tan"' (b(w)la(®))
Periodogram
I{(@)=n"A(@)?=n"(a(®)?+b(®)?)
Ell(w)] = c?

(W)~ oc2y; 12



Fourier transform (2D):

F(w,0)=> >y, cos(a)j+ ¢k)+iy,. sin(e) + ¢k) = a(w, ¢) +b(w, @)i
k

w=2ap/n et p=2m/m
p=l, 2, ..., n2etg=l, 2 ..., m2,

Amplitude and periodogram

A(@, @) = \Ja(@, P+ b(@,p)
I{(w,9)=1(p,q)= nm ™ A, Q)

Polar coordinates

|'—
r=15|IPI+q2

f=tan"'(q/ p)

=> Simplification to r-spectrum and 8-spectrum
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* Pattern comparison
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F (w)=) x; cos(wj) +ix; sin(@)) = a (@) + b, (w)i

J

F (w)=>"y,cos(e)) +iy;sin(@)) =a, () +b ()i

Cross-periodogram
I (@)=n""(a (®a, (o) +b (wb (w)-n""i(b (w)a (®)+a (Wb, ()

=c, (0)+iq,  (®)

Cross-amplitude
a.,(w)= Vz‘c_“_ (WP +q, (w7

Phase spectrum
¢, (@) =tan"'[q, (@) c, ()]

Coherency spectrum [0,1] ~ scale specific correlation

b, (w)=a,.(w)/ \,f'l L)l ()




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 y? distribution

— Spectral ratio follows a F distribution

— Ordination - Classification
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