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Summary 

The paper presents results of studies on a dependency between tree volume on basic 
measurements of the tree crown – diameter and length of crown and stem measurements – dbh 
(diameter at breast height), height, double bark thickness, period increment in breast height 
diameter. Regression equations were developed for the estimation of tree volume. Material for 
analyses comprises results of measurements of 50 pine coming from 50-year old stand. In view of 
the statistically significant dependence between volume of pine and measured tree traits the 
analysis of regression was conducted, assuming the investigated traits (diameter at breast height, 
height, double bark thickness, 5-year increment in breast height diameter, crown width and crown 
length) as explanatory variables. The backward stepwise regression was applied. Tree volume 
may be determined both on the basis of information on the height and diameter at breast height of 
a tree and crown diameter.  
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1. Introduction 

For ages, forest has been one of main elements of natural environment. It 
plays important role in economic and cultural development of world. The 
production of wood is the basic function of forest. Improvement of the methods 
of tree volume calculation is fundamental for forest mensuration. Tree's volume 
is usually defined on basis of measurement dbh and height of a tree. The tree 
crown determines its growth and increment. Crown width is an important 
feature in describing stand density and individual tree competition. Extensive 
studies concerning the structure and shape of crowns in different tree species 
were conducted by Burger and Badoux (after Borowski 1974). The dependence 
of crown size on other traits of a tree was evaluated e.g. by Dubravac T., Krejci 
V. (1993), Dubravac T. (1998, 1999, 2003, 2004), and Hemery et al. (2005). In 
Poland analyses concerning the crown were conducted mainly in pine stands 
(Lemke 1966). The dependence increment of dbh on pine crown surface and 
crown volume studied Dudek (1969). Zajączkowski (1973) researched the 
relationship between crown projection area and current increment of tree 
volume.  

The aim of this study was: 
1. To determine the strength of the relationship between crown 

dimensions and tree volume,  
2. To develop regression equations for the estimation of tree volume 

basis of crown traits. 

2. Experimental material and methods 

Empirical material was collected in 50−years−old pure Scots pine stand 
growing on fresh mixed conifer forest site in the Zielonka Experimental Forest 
District.  The research material consisted of measurements of 50 pine trees. 
Sample trees were selected randomly from stand. The following was measured 
for each tree: 

1. Dbh in bark in two directions N−S and W−E with a tolerance of 
up to 0.1 cm; the arithmetic mean of those measurements was 
assumed as tree dbh.  

2. Tree height with a tolerance of up to 0.1 m.  
3. Tree crown height with a tolerance of up to 0.1 m. 
4. Crown projection area on the basis of the characteristic tree crown 

points (4 to 14) projected with the use of a crown projector;  
5. 5-year increment in breast height diameter with a tolerance of up 

to 0.01 cm. 
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Crown widths expressed in meters were obtained from the crown projection 
area assumed as the area of a circle. Crown length was calculated as the 
difference between the tree height and the height of its crown.  

3. Results  

Mean diameter at breast height was 16.97 cm, height 18.72 m (Table 1). 
The double thickness of bark was 2 cm, 5-year increment in breast height 
diameter was 1 cm. Mean tree volume was 0.20 m3. The length of crown was 
5.75 m, and the width of crown was 2.28 m (Table 1). Trees' height is feature 
the least variable, meanwhile the most volume (Table 1).  

Table 1. A characteristic of selected measurable traits of trees  

Triat N x  min max dxs  V (%) 

zkd  (diameter at breast height 

outside bark – cm) 
50 16.97 10.40 28.90 3.77 22.23 

h (height– m) 50 18.72 13.84 21.85 1.63 8.70 
k (double bark thickness – cm) 50 1.87 0.75 4.25 0.65 34.57 

5Zd  (5-year increment in breast 

height diameter – cm) 
50 1.00 0.30 2.20 0.48 48.17 

V (tree volume – m3)  0.20 0.05 0.60 0.11 54.77 

kl  (crown length  – m) 50 5.75 2.03 9.22 1.22 21.31 

kd  (crown width – m) 50 2.28 1.24 4.38 0.60 26.33 

Table 2. A correlation diagram 

Triat zkd  h k 5Zd  V kl  

h 0.776      
k 0.755 0.417     

5Zd  0.792 0.719 0.456    

V 0.975 0.788 0.681 0.789   

kl  0.798 0.746 0.520 0.635 0.785  

kd  0.808 0.493 0.596 0.668 0.841 0.636 

 
The dependences of pine volume on selected biometric characteristics was 

examined. The simplest features of measuring trees were chosen - dbh ( 3,1d ) 

and height (h). In addition, elements describing the size of the crown were 
selected – the width of the crown (kd ) and crown length (kl ). Coefficients of 
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linear correlation were calculated. Tree volume showed statistically (at the level 
05.0=α ) significant correlation with all the traits (Table 2). Tree volume 

increases with the growth of all biometric features. The strongest dependence of 
the volume was found on the diameter at breast height of trees (0.975) and 
crown width (0.841).  

Pine volume was also describes by multiple empirical equations. All the 
previously mentioned biometric features were included as the explanatory 
variables (diameter at breast height, height, double bark thickness, 5-year 
increment in breast height diameter, crown width and crown length). Stepwise 
regression was performed, which step by step creates the best regression model. 
Backward stepwise regression was used, which sequentially removes from the 
model those variables which in every step have the least significant impact on 
the response variable – the tree volume. Another equations to determine the 
volume of pine were given as a result of estimation the parameters: 

kk dlZdkhdV ⋅+⋅−⋅−⋅−⋅+⋅+−= 0373.00037.00089.00154.00090.00249.04130.0 53,1
(3.1) 

 kk dlkhdV ⋅+⋅−⋅−⋅+⋅+−= 0362.00033.00137.00083.00240.03979.0 3,1  (3.2) 

 kdkhdV ⋅+⋅−⋅+⋅+−= 0355.00133.00075.00235.03916.0 3,1  (3.3) 

 kdhdV ⋅+⋅+⋅+−= 0389.00102.00204.04224.0 3,1  (3.4) 

Volume of pine can be determined by regression equation in dependence to 
the diameter at breast height, height and crown diameter. All of the analyzed 
traits were determined for standing trees. 

Table 3. Multiple and partial correlation coefficients for the tree volume dependence on the 
selected characteristics of trees 

Rpartial 
Equation Rmultiple 

3,1d  h k 5Zd  kl  kd  

(3.1) 0.9843 0.785* 0.342* -0.275 -0.120 -0.129 0.514* 
(3.2) 0.9841 0.793* 0.325* -0.253  -0.113 0.504* 
(3.3) 0.9839 0.795* 0.307* -0.246   0.497* 
(3.4) 0.9828 0.831* 0.428*    0.528* 

The correlation coefficient significant at the level α = 0.05   
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4. Discussion 

Scots pine is the most important predominating species forming forests in 
Poland. Stem volume is function of a tree’s height, basal area, tree shape, bark 
thickness. Foresters have developed allometric relationships to estimate stem 
volume from measurements made on diameter at breast height and tree height. 
Regression function for tree volume have been developed as a function of easily 
measurable tree variables on standing tree. The volume models should be based 
on the variables that are normally measured in forest inventories or which be 
estimated easily. The tree crown plays an essential role in tree productivity. 
Crown is the location of the physiological processes, principally photosynthesis, 
respiration, leading to growth and developed of the tree. The size of a tree crown 
is strongly correlated to tree growth. The energy absorbed directly affects tree 
growth and stands dynamics. The crown has great visual impact. Crown width is 
an important feature in describing stand density and individual tree competition. 
Tree crown diameter and crown projection area are important measures to 
describe growth efficiency (Assmann 1968). Forest trees usually exhibit 
a significant relationship between their crown width and stem diameter (e.g. 
Avsar 2004, Avsar and Ayyildiz 2005, Akalp 1983, Bragg 2001, Foli et al. 
2003, Franscis 1988, Gering and May 1995, Hasenauer 1997, Kigomo 1980, 
1991, 1998, Sun 1977). Crown profile and structure models can be used to 
obtain measures of inter-tree competition (e.g., Daniels et al. 1986, Biging and 
Dobbertin 1992), as a  measure of tree vigour for use in mortality models (e.g., 
Hann and Wang 1990; Hasenauer and Monserud 1996) and in stem growth 
prediction (e.g., Wykoff 1990; Cole and Lorimer 1994).  

5. Conclusions 

1. With the growth of all biometric features (diameter at breast height, 
height, double bark thickness, 5-year increment in breast height diameter, 
crown width and crown length) pine volume increases. 

2. The strongest association of the tree volume was found with the diameter 
at breast height and crown width. 

3. Volume of pine can be determined by regression equation in dependence 
to the diameter at breast height, height and crown diameter, which took 
the form: 

kdhdV ⋅+⋅+⋅+−= 0389.00102.00204.04224.0 3,1  
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