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Streszczenie 
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Summary 

The objective of this dissertation was to develop an alternative method for 

determining the volume of standing trees and sample plots using Terrestrial Laser 

Scanning (TLS) technology. The innovative aspect of the proposed method lies 

in the elimination of the use of tree height information and the knowledge of the shape 

and course of the upper parts of the trees. This element is crucial when using ground-

based remote sensing techniques, since the upper crown parts of the trees are incompletely 

represented by these methods. The developed solution was tested in the study both 

at the level of individual trees and at the level of sample plots. 

In the first part of the analyses, regression models were developed to determine 

the total merchantable volume of the trees, using only information on the volume 

of the lower part of the stems. This process was conducted using a large data set 

that included reference sectional measurements and TLS data for individual trees. 

Analyses examined the effect of using a portion of the vertical stem volume distribution 

and adding tree species information on the accuracy of determining total tree volume with 

the developed models. The accuracy of the method was determined using volume 

measurements from reference sectional measurements and compared to the conventional 

method for determining the volume of standing trees, which is based on allometric 

formulas with information on breast height diameter, height, and tree species. 

In the second part of the thesis, the developed solution was implemented on a data 

set of sample plots and compared with the results of the conventional method. 

The analyses examined the influence of stand factors on the accuracy of the proposed 

method. The following factors were analysed: Species group (classification of stands into 

coniferous and deciduous) and complexity of stand structure (classification into simple, 

medium and complex stands). In addition, an aspect related to the technical limitations of 

using TLS technology on sample plots was considered - the accuracy of tree detection. 

The above factors are cited in scientific publications as crucial for their influence 

on the accuracy of TLS volume determination. 

The results obtained in the study show that the developed method has similar or 

lower errors than the conventional method in determining tree volume. The root mean 

square error for the proposed method is 11-12% for coniferous species and 21-24% 

for deciduous species at the individual tree level. The study showed that by knowing the 
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volume of the stem up to a height of 8-10 metres, the volume of the whole tree can be 

determined at a similar level as the conventional method using tree height information. 

Increasing the height threshold further improves the accuracy of estimating tree volume 

with the proposed method. Adding species information to the developed models improves 

their accuracy slightly (about 2.5%), indicating that it is not necessary to use this 

information to determine tree volume. However, when analysing the overall results 

obtained, it is recommended to add the species information at least at the species group 

level (coniferous/deciduous). 

The analysis of the results obtained on all sample plots showed no statistically 

significant differences between the compared methods (statistical values p = 0.06-0.15, 

smaller differences - 3.5% (11-13 m3/ha) - for coniferous stands than for deciduous stands 

- 15-17% (61-70 m3/ha). Of the factors analysed in the sample plots, the technological 

factor, i.e. tree detection accuracy, had the greatest influence on the accuracy 

of the method. This suggests the need to increase the number of TLS survey points or 

to collect data using another close-range remote sensing technology that allows for 

complete tree detection. 

An important conclusion of this work is that it is possible to determine tree volume 

using TLS technology at the sample plot level with comparable accuracy to the currently 

used method, provided that all trees are detected and their stems are measured to a height 

of at least 8-10 metres. 

 


