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Table 1 Scales of photographs on sample trees.

IR ZORIA A POHA B BRI C
Scales Sample A Sample B Sample C
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Fig. 1 Examples of image date used for the box counting method.
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Fig. 2 Results of the box counting method on five scales of sample A.
»: Width of boxes.
N{(#) : The number of boxes needed to cover the image data.
D : Fractal dimension determined as the slope of a broken line.
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Table 2 Fractal dimensions at various scales of photographs.

7528 NRT, D

BIR Fractal dimension, D
Scales R A A B AR C
Sample A Sample B Sample C
S1 1.625 1.452 1611
S2 1.518 1.642 1.571
53 1.535 1.563 1.554
S4 1.476 1.428 1.675

S5 1.595 1.642 1.685




58 W LRl - BRI

10°9 3 3

&° - Sample A o - Sample B %" Sample C
Adi o6, aY
0] 4R o £
. Apo .m" M"°
by Y N
= 9 D=1.549 B D=1454 R pe1.599
z 10 S E b'h E %
4 | [ 3
ki LY a ~
] L B
'y %o % s
10'4 R 1 u, A
@ Q LY
0 LY "
&, "
o AS
10750 10 102 "10° 10° 10! 10 10° 10° 10! 10 10°
fogr(cm)

Fig. 3 Changes in logr-logN(») plots with scales of photographs. The broken lines indicate "fractal
line” whose slopes(D} do not change with scales. Symbols show scales of photographs in
Table 1 (B8,91;4,S52;4,83,0,5%4;@, S5).
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Fig. 4 Relationships between the scatter in fractal dimensions and the number and scales of
photographs used for determining the dimensions. Symbols show the number of photographs
used for determining fractal dimensions ( A, one; O, two; @, three).
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Summary

We have showed that the vertical section form of tree crowns on photographs has fractal
properties and the fractal dimension is a good quantifier of crown form varying widely with foliage
distribution and density even within a species. In order to develop such fractal analyses on tree
crowns, each crown needs to have a constant fractal dimension regardless scales of photographs
because it is very difficult to take a photograph of crowns at a specified scale in the field.

Five photographs at different scales were taken about each of three pine trees and these fractal
dimensions were determined by the box counting method. The fractal dimensions obtained from each
photograph varied randomly in the range of about (.15. By analyzing data at five scales together on
the same axis, however, we found that there was a constant fractal dimension even if scales changed.

Relationships between the scatter in fractal dimensions and the number and scales of photographs
used for determining the dimensions were examined. It was concluded that it is necessary to take
more than three photographs at different scales whose maximum is at least three times as large as
the minimum to obtain a stable fractal dimension efficiently.

Key words : fractal dimension ; form of tree crowns ; scale of photographs ; the box counting method.





