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Point distribution form model for spruce stems (Picea abies [L.]
Karst.)
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Czech University of Agriculture, Faculty of Forestry, Prague, Czech Republic

ABSTRACT: The paper deals with the construction of a point distribution form model for spruce stems. This model is
based on the principal components analysis of variance-covariance matrix formed for the Procrustes residuals. The calcula-
tion of full Procrustes co-ordinates, the principal components, is demonstrated on an example of a spruce experimental plot
at premature age, and a point distribution model is constructed for the first three components. The parameters of the model
are evaluated in relation to Konšel’s (Kraft’s) tree classes, normality of their classification is tested, maxima and minima are
demonstrated on actual trees. The complete stem shape analysis of all four samples is also provided. A special model is
constructed for these samples and the course of the parameters of this model is graphically represented.

Keywords: Norway spruce (Picea abies [L.] Karst.); stem shape; Procrustes analysis; principal components analysis; point
distribution form model
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Fig. 1. Scheme of shape evaluation (by GOODALL, MARDIA 1992
in DRYDEN, MARDIA 1998), adapted
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Fig. 2. 21-point model of spruce stem
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Table 1. Eigenvalues of the variance-covariance matrix from the
set of spruce stems and proportional expression of variability
explained by them

Eigenvalue λi λi / λT · 100%

λ1 2.214 82

λ2 0.397 15

λ3 0.060 2
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Fig. 3. Effect of changes in the first parameter

Fig. 4. Effect of changes in the second parameter

Fig. 5. Effects of changes in the third parameter
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Table 2. Mean values of parameters b
1
, b

2
, b

3
 for Konšel’s tree

classes (KONŠEL 1931), the corresponding Kraft’s tree classifi-
cation is presented in brackets

         Tree class b1 b2 b3

N Mean . 10–3 Mean . 10–4 Mean . 10–5

1 (1) 108 –1.53 –1.33 –7.98

2a (2) 225 –0.07 0.12 1.48

2b (3) 58 1.01 1.02 –2.41

3 (4a,b) 63 1.28 1.57 6.01

4 (5a) 27 1.56 –1.52 10.7

Table 3. Kolmogorov-Smirnov tests of normality, DF – degrees
of freedom, SIG. – significance level

Statistic DF SIG.

b1 0.037 481 0.158

b2 0.036 481 0.170

b3 0.041 481 0.048

S 0.080 481 0.000

i=1

k

Table 4. Tests of selected correlation coefficient (r) and Spear-
man coefficient of correlation (rs), for dependence between
centroid size, parameters b

1
, b

2 
 and b

3 
, sig. – significance level

S b1 b2

S X

b1 rs = 0.248

sig. = 0.000 X

b2 rs = 0.088 r = 0.000

sig. = 0.055 sig. = 1.000 X

b3 rs = 0.049 rs = 0.035 rs = 0.015

sig. = 0.281 sig. = 0.438 sig. = 0.741

∑ ∑
= =

−=
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Fig. 6. Complete analysis of sample No. 313 Fig. 7. Complete analysis of sample No. 299

Fig. 8. Course of parameters b
1
 and b

2
 for the complete analysis

of samples No. 171, 299, 301 and 313
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