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I. Theoretical context and rationale 

• Landscape Pattern = interplay between landscape composition 

(variety and abundance of patches) landscape configuration (spatial 

relationships) (Wiens, 2002). 

 

• Central importance in Landscape Ecology due to the linkage between 

structure and ecological processes (Turner, 1989a; 2001), that allows 

for: 

 Creating predictions about landscape change 

 Estimating environmental change impact on biodiversity 

 Developing ecological models of landscape 

 

• Landscape structure, function and ultimately pattern are scale-

dependent (Turner, 1989b; Wu, 2004) 

 

 



I. Theoretical context and rationale 

• Many techniques for pattern detection and analysis exist, as: 
 Bi-dimensional statistics (O’Neill et al., 1988) 

 Landscape metrics  (Riitters et al., 1995; H. Li & Wu, 2004) 

 Fractal analysis (B.L. Li, 2000) 

 Spectral analysis (Keitt, 2000; Rocchini et.al. 2013) 

 

• All of these analyses cannot successfully translate the results 

to higher or lower scales, because they are limited by grain 

size and extent. 

Question: Can the pattern relevance be maintained while 

scaling the analysis? 



• The scale problem arises due to the fact that different patterns 

emerge at different scales (Fig. 1) 

=> the need for multi-scale analyses 

Fig. 1. Pattern change due to the increasing grain size (Wu & Hobbs, 2002) 

• Most studies focus on class-scale or landscape-scale features, but 

which cannot explain processes on lower (fine) scales 
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• Multiresolution analysis: handles and transforms the data 

(images/DEM) as a 2D signal. 

• Signal: continuous or discrete quantity that describes variation (Fig. 2) 

Fig. 2. Theoretical example of multiresolution data 

• Wavelets are tools for multiresolution analysis 

II. Key methodological concepts 



• Wavelet = function described by certain mathematical properties 
 The choice of a wavelet depends on the features that need to be 

extracted 

 The wavelet shape corresponds to features searched in the data 

 Mexican Hat wavelet was chosen due to the similar shape to that of a 

tree (Fig. 3, 4) 

Fig. 3. 1D Mexican Hat wavelet 

 (generated in Python) 
Fig. 4. 2D Mexican Hat wavelet 

 (generated in Python) 

II. Key methodological concepts 



• The entire process (wavelet transform) is done by the method of 

convolution (Fig. 5): 
 The wavelet runs (as a filter) over the input data seen as matrix  

 Where the shape of the signal matches the wavelet, a high transform 

value is obtained (Fig. 6) 

Fig. 5. The convolution operation 
(https://developer.apple.com) 

Fig. 6. Wavelet transform scheme 
(Addison, 2002) 
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In order to implement the wavelet transform, we ran into certain challenges: 

• A. Manipulating the translation and dilation coefficients 

 The shape of the Mexican Hat wavelet needs to be varied in order to detect 

features in a wide range of shapes (Fig.  7) 

Fig. 7. Wavelet dilation (generated in Python) 
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• B. Normalizing the output values 

 Different wavelet parameters = different matching values 

 In order to compare the results at different scales of analysis, we needed to normalize the 

matrices 

 We implemented the filter norm, by using the equations below 

(Eq.1. The 

Euclidean norm 

of matrix A) 

 Using eq. 3, we rescaled the results (H matrix) to the interval [-1; 1] ⊂ ℝ, 

allowing for the comparison of the results at different scales 

𝐹 𝑖, 𝑗 =  
𝐴 (𝑖, 𝑗)

𝐴
 

 

 

(Eq. 2. 

Normalizing 

the filter ) 

𝐻𝑖,𝑗 =
𝐶𝑖,𝑗

𝐴 ∗ 𝑊𝑖,𝑗  
 

H is the output value 
C is the convolution value 
W (𝑖,𝑗) is the filter window of 
the corresponding value in H 

(Eq. 3. 

Normalizing 

the output 

values) 

 𝐴 =    (𝑎𝑖,𝑗)
2𝑛

𝑗=1
𝑛
𝑖=1  

F is the normalized wavelet filter 
A is the initial wavelet filter 
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• C. Filter size 

 The filter size accounts for the scale of the analysis 

 Different wavelet filter sizes = different features extracted  

 The normalization (point B) allows for comparison of values at different filter sizes 

Fig. 8. Single tree (Fundata 
orthophotomap 2005) 

Fig. 10. Tree plot (Fundata 
orthophotomap 2005) 

 

Fig. 9. 6x6m Mexican Hat 
Wavelet (in Python) 

Fig. 11. 30x30 m Mexican 
Hat Wavelet (in Python) 
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• D. Local Canopy Height Model 
 

CHM 
(Canopy Height Model) = -  

DSM 
(Digital Surface Model) 

DTM 
(Digital Terrain 

Model) 

• Available DSM from LiDAR, lack of a suitable DTM 

• Implemented an algorithm for local approximation of the CHM, using 

the formula: 

𝐿𝐶𝑖,𝑗 = 𝐴𝑖𝑗 −min 𝑊𝑠  
W is the filter window of the    
corresponding value in LC(i,j) 
S is the window size centerd at i,j 
A(i,j) is the corresponding DSM 
value 

(Eq. 4. Local CHM 

approximation) 
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• The study area is a wood pasture in Fundata, Romania (Fig. 12) 

• Trees of various height (Picea abies, Fagus sylvatica), and tree plots, as well as 

small bushes. 

  

Fig. 12. The chosen wood pasture in Fundata 

(Bing Maps) 

I. Preliminary results 



Fig. 13. DSM of the study site (LiDAR) 

IV. Preliminary results 



Fig. 14. Local CHM approximation with size 5 
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• The local CHM was convoluted with the Mexican Hat wavelet of the following 

parameters: 
 Filter size (d) = 5x5 m 

 Dilation coefficient (a) = 1 

 Translation coefficients (bx, by) = (0,0) 

 => 15 trees extracted 

Fig. 15. The used wavelet 

=> 

Fig. 16. Example of extracted tree 
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V. Work in progress and  conclusions 

• Conclusions 
 Wavelets techniques show proficiency in detecting landscape 

pattern features 

 This technique allows for multi-scale comparison of the results 

 The analysis can be done on very large areas 

 Fine scale data on landscapes will benefit to the knowledge on 

ecosystem services, planning and management 

 

 

• Work in progress: 
 Performing the analysis on multiple scales 

 Calibrating the technique with field data 

 Extracting information from the other wavelet parameters (ex: 

wavelet variance) 



VI. Selected writings 

• Bradshaw, GA and Spies, T. A. (1992). Characterizing canopy gap structure in forests 

using wavelet analysis. The Journal of Ecology, 80(2), 205–215 

• Csilla, F. and K. S. (2002). Wavelets, boundaries, and the spatial analysis of 

landscape pattern. Ecoscience, 177–190 

• Falkowski, M. J., Smith, A. M. S., Hudak, A. T., Gessler, P. E., Vierling, L. A., & 

Crookston, N. L. (2006). Automated estimation of individual conifer tree height and 

crown diameter via two-dimensional spatial wavelet analysis of lidar data. 

Canadian Journal of Remote Sensing, 32(2), 153–161 

• Keitt, T. H. (2000). Spectral representation of neutral landscapes. Landscape 

Ecology, 15(5), 479–494 

• Li, B.-L. (2000). Fractal geometry applications in description and analysis of patch 

patterns and patch dynamics. Ecological Modelling, 132(1), 33–50 

• Turner, M. G. (1989). Landscape ecology: the effect of pattern on process. Annual 

Review of Ecology and Systematics, 171–197 

• Wiens, J. A. (1989). Spatial scaling in ecology. Functional Ecology, 385–397 

• Wiens, J. A. (2002). Central concepts and issues of landscape ecology. In Applying 

landscape ecology in biological conservation (pp. 3–21). Springer 

 



Acknowledgements 

This work was supported by a grant from the Scientific 

Exchange Program NMS-CH, Project number 11.186-

Sciex-N-4 



Thank you for your 
attention! 


