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Abstract 

Tree functional traits together with processes such as forest regeneration, growth, and mortality affect 

forest and tree structure. Forest management inherently impacts these processes. Moreover, forest 

structure, biodiversity, resilience, and carbon uptake can be sustained and enhanced with forest 

management activities. To assess structural complexity of individual trees, comprehensive and 

quantitative measures are needed, and they are often lacking for current forest management practices. 

Fractal analysis and a single scale, independent metric called box dimension offer means for assessing 

structural complexity of individual trees. Terrestrial laser scanning (TLS) point clouds provide three-

dimensional (3D) information on trees that can be utilized in generating the box dimension metric. 

This data set includes information needed for generating the box dimension from 741 individual Scots 

pine (Pinus sylvestris L.) trees from 9 sample plots with different thinning treatments located in 

southern boreal forests. The thinning treatments include two intensities of thinning and control 

treatment (i.e., no thinning treatment since the establishment). The data set can be used in 

characterizing structural complexity of individual Scots pine trees of various size as well as assessing 

effects of various thinning treatments on it. 

 

Data set license: Attribution 4.0 International (CC BY 4.0). Please keep the designated 

corresponding author informed of any plans to use the data. Consultation or collaboration with the 

original investigators is strongly encouraged. Publications and data products that make use of the data 

must include proper acknowledgement. 
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Background and summary 

 

Trees are interacting with each other and that affects their functioning and structure. Tomlinson 

(1983) has pointed out that development of trees and their structure can therefore enhance our 

understanding about forest structure. Thus, investigations on individual trees are important. Trees 

occupy three-dimensional space and tree architecture can be characterized based on growth dynamics 

and branching patterns (Tomlinson 1983). Tree structure, on the other hand, can be characterized by 

using morphological measures such as crown dimension (e.g., volume, surface area) and stem 

attributes (e.g., diameter at breast height (DBH), height, height of crown base) (Pretzsch 2014). 

 

Terrestrial laser scanning (TLS) provides 3D point clouds enable generation of stem and crown 

attributes (Seidel et al. 2011, Liang et al. 2012, Bayer et al. 2013, Calders et al. 2013, Metz et al. 

2013, Juchheim et al. 2017, Saarinen et al. 2017, Calders et al. 2018, Georgi et al. 2018, Saarinen et 

al. 2020). Nevertheless, objective and quantitative measures for structural complexity of individual 

trees are needed to better understand relationship between forest structural diversity and ecosystem 

services such as biodiversity, productivity, and carbon uptake (Hardiman et al. 2011, Messier et al. 

2013, Puettmann et al. 2015, Zenner 2015).  

 

Seidel (2018) presented an approach where fractal analysis of Minkowski-Bouligand dimension (or 

box-counting dimension, i.e., changes in number of boxes required covering an object when the boxes 

are made more defining) was applied in characterizing structural complexity of individual trees. The 

box dimension is determined as a relationship between the number of primitives of varying size 

needed to enclose all 3D points of a tree and the inverse of the primitive size. The box dimension is 

scale-independent and can theoretically vary between one and three, one being a cylindrical, pole-

like object and three corresponding solid objects such as cubes (Figure 1). 

 

 

Figure 1. Examples of objects with box dimension ranging from one (cylindrical pole) to three (solid 

cube) in between two real-life trees and a Menger sponge (box dimension = 2.72). Modified after 

Figure 1 in Seidel et al. (2019). 

 

Although forest management affects growing conditions of trees as well as their size and shape 

(Mäkinen & Isomäki 2004, Saarinen et al. 2020), it is unclear how forest management affects 
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structural complexity of conifers. Here, TLS point clouds were utilized in voxelizing individual Scots 

pine trees with varying size of voxels for box dimension metric. This data set can be utilized in 

characterizing structural complexity of individual Scots pine trees of various size as well as assessing 

effects of various thinning treatments on it. 

 

Materials and methods 

Study site and data acquisition 

 

The study area consists of three study sites dominated by Scots pine established and maintained by 

Natural Resources Institute Finland (Luke). All study sites are in southern boreal forest zone and 

characterized as mesic heath forest (i.e., Myrtillus forest site type according to Cajander (1913)). At 

the time of the establishment (1 in 2005, 2 and 3 in 2006), the stand age was 50, 45, and 59 years for 

1, 2, and 3, respectively. The first thinning (removal ~30% of stems) had been carried out for all study 

sites in the early 1990s. Nine rectangular sample plots (size from 1000 and 1200 m2) were placed at 

each study site resulting in a total of 27 sample plots.  

 

The experimental design of the study sites includes two varying levels of thinning intensity (i.e. 

moderate and intensive) and one plot at each study site remained as a control plot where no thinning 

has been carried out since the establishment of the sites. One plot at each study site was left as a 

control plot where no thinning has been carried out since the establishment of the sites. Thinning 

intensity was defined as the remaining basal area whereas thinning type determined which trees 

(based on a crown class) were removed. The remaining relative stand basal area after moderate 

thinning was ~68% of the stocking before thinning and intensive thinning reduced the stocking levels 

down to 34%. Suppressed and co-dominant trees were removed Additionally, unsound and damaged 

trees (e.g., crooked, forked) were removed. Other thinning treatments were also carried out but here 

we concentrated on 3 plots with moderate, 3 plots with intensive, and 3 plots with no treatment since 

establishment. Distribution of thinning treatments to sample plots within the three study sites is 

presented in Table 1. 

 

Table 1. Thinning treatment of the sample plots in the three study sites. 

Study site Moderate Intensive No treatment 

1 9 8 4 

2 2 5 3 

3 5 3 7 

 

The TLS data acquisition was carried out with a Trimble TX5 3D phase-shift laser scanner (Trible 

Navigation Limited, USA) operating at a 1550-nm wavelength and measuring 976,000 points per 

second, delivering a hemispherical (300° vertical x 360° horizontal) point cloud with an angular 

resolution of 0.009° in both vertical and horizontal direction with a maximum range of 120 m 

(resulting a point distance approximately 6.3 mm at 10-m distance) and beam divergence of 0.011°. 

All three study sites were scanned between September and October 2018 by using a multi-scan 

approach to ensure point cloud completeness. Eight scans were conducted at each sample plot with 

two scans on two sides of a plot center and six auxiliary scans closer to the plot borders (see Figure 

1 in Saarinen et al. 2020). Artificial targets (i.e., white spheres with a diameter of 198 mm) were 
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placed around each sample plot to be used as reference objects for registering the eight scans into a 

single, aligned coordinate system with a FARO Scene software (version 2018). A LAStools software 

(Isenburg 2019) was used to remove topography from the point clouds by applying a point cloud 

normalization workflow presented by Ritter et al. (2017). 

 

Stem point extraction from TLS data 

 

First, plot-level TLS point clouds were segmented to identify points from individual trees. Local 

maxima from canopy height models (CHMs) with a 20-cm resolution were identified using the 

Variable Windom Filter approach (Popescu & Wynne 2004) whereas the Marker-Controlled 

Watershed Segmentation (Meyer & Beucher 1990) was applied to delineate crown segments. A point-

in-polygon approach was applied for identifying all points belonging each crown segment. To identify 

points originated from stem and crown within each crown segment, a point cloud classification 

procedure by Yrttimaa et al (2020) was used. The classification of stem and non-stem points assumed 

that stem points have more planar, vertical, and cylindrical characteristics compared to non-stem 

points representing branches and foliage (Liang et al. 2012, Yrttimaa et al. 2020). The method by 

Yrttimaa et al. (2019, 2020) is an iterative procedure beginning from the base of a tree and proceeding 

towards treetop. More detailed description of the point cloud classification workflow can be found in 

Yrttimaa et al. (2019, 2020). The result of this step was classified 3D point clouds for each individual 

tree (n=741) within the 9 sample plots.  

 

Attribute for structural complexity 

 

Box dimension was used for assessing structural complexity of the individual trees. Box dimension 

is a structural measure derived from TLS point clouds representing each tree. First, one box including 

all TLS points of each tree was fitted (i.e., initial box) in which the edge length of the box was tree 

height and then boxes of different sizes (i.e., tree height/2, tree height/4, tree height/8, tree height/16, 

tree height/32, tree height/64, tree height/128) were fitted to point clouds of each tree and the number 

of fitted boxes of each size was saved. Finally, the box dimension for each tree can be defined as a 

slope between natural logarithm of 1/(box edge length of certain size/edge length of initial box) and 

natural logarithm of number of boxes including boxes of certain size (Figure 2). Please note that the 

box dimension is not included in the data set but anyone using the data should calculate that for 

possible further analyses. 
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Figure 2. The definition for the box dimension for a Scots pine, the slope of the fitted straight line 

(1.90) equals the box dimension whereas the intercept (-0.27) is a measure of tree size and coefficient 

of determination (R2=1.0) self-similarity (Dorji et al. 2019). Modified after Figure 1 in Seidel et al. 

(2018). 

 

Data Records 

This data set includes a packed zip file. The zip file includes text files of size and number of voxels 

(boxes) for each tree within the 9 sample plots from the three test sites. The title of the text files 

includes the information on the study site and the plot within the study site. The text files contain 

information on size and number of voxels generated for each tree within the plot from the TLS point 

clouds. The column “h” is the height of each tree in meters above ground indicating the maximum 

size of the initial voxel. Columns “h/2”, “h/4”, “h/8”, “h/16”, “h/31”, “h/64”, and “h/128” indicate 

voxels of certain size as a relation to the initial voxel size (i.e., tree height). The column “treeID” 

includes tree identification number. “plotID” refers to the plot number within a test site, and “trial” 

refers to study site. The columns are separated by space. There are two rows for each tree within a 

text file describing the voxel size (row name “size”) and number of voxels of that size (row name 

“N”). Information on tree, plot, and study site identification are identical for both rows. Based on the 

study site and plot number, files from different thinning treatments can be identified by using the 

information in Table 1. 

 

Technical Validation 

At the sample plot level, TLS point clouds were co-registered with a mean distance error of 2.9 mm 

and standard deviation 1.2 mm, mean horizontal error was 1.3 mm (standard deviation 0.4 mm) and 

mean vertical error 2.3 mm (standard deviation 1.2 mm) (Saarinen et al. 2020) indicating high 

geometric accuracy of the point clouds. When similarly collected point clouds have been used to 

automatically measure tree diameters at multiple heights along a stem, root mean square error less 

than 1 cm can be expected in boreal forest conditions (Liang et al. 2018).  
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