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The current focus on managing 

structurally complex stands requires a 

shift in emphasis away from non-spatial 

data, data analysis, and models.

LiDAR (Light Detection And Ranging –

Figure 1) systems that have been used in 

forestry since the 1980s allow for 

assessing different horizontal and vertical 

distributions of vegetation, while providing 

information on the processes that 

determine the individual tree 

performance.

Studies utilizing LiDAR airborne and 

terrestrial scanners investigated stand 

density and height, stem diameters, gap 

expansions and gap closure, crown 

closure, leaf area index (LAI) and stand 

foliage profile (LAI with height).

Project Description

Objectives

Year 1 Results
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Testing Hypotheses: Crown Measurements
H. 1: Crown size is only dependent on neighbourhood 

composition not on below-ground resources 

H. 2: Crown efficiency (biomass increment/growing space (kg 

y-1 m2)) depends on the crown size but not on crown shape 

H. 3: Crown efficiency is positively correlated to below-ground 

resource availability 

H. 4: Crown surface/per hectare increases with below-ground 

resources but the crown efficiency remains constant 

H. 5: Due to asymmetric competition, increased below-ground 

resources improve the competitiveness of suppressed and 

understory trees

Advancing Methodology
Conducting scans over identical benchmarks with both a Riegl

and a Leica LiDAR platform. The scans are done  to: 

(a) compare scanner performance, 

(b) compare algorithms for extracting tree location, stem taper, 

and crown shape, and 

(c) compare the performance of the two scanners to existing 

traditional tree allometry measurements. 

Testing Hypothesis: Crown Measurements

Proper plots were selected and data from 19 plots 

that covered 9 different combinations of moisture 

and nutrient characteristics were collected. 

Three of the plots were measured by both LiDAR

systems for comparison of the different models; the 

remaining plots were all scanned twice by the same 

machine (Riegl). 

Every tree on each of the 19 plots was physically 

measured and increment cored. 

Hemispheric (fisheye) and aerial photos were 

collated and added to the master data set. 

Advancing Methodology

A comparison of LiDAR scanners and associated 

algorithms has been completed.

Future Steps

Year 2 will provide the input data needed to complete 

this work and will lead to the analytical work of the 

third year (Figure 3 and 4) providing the basis of 

understanding how these complex stands develop 

and grow. 

This three year study investigates three dimensional crown 

structures in complex stands and how crown structure and 

crown efficiency is affected by a gradient of competition and 

below-ground resources with the use of the terrestrial LiDAR 

systems. 

We utilize the permanent plots established by the Bulkley Valley 

Research Centre in Smithers, BC with associated soil data and 

hemispheric (fisheye) and aerial photographs. Each year a 

subset of these plots is measured (Figure 2).  The plots are the 

mixed species stands (spruce, true fir and pine) and span a 

variety of stand ages. 

This study will provide some of the basic relationships that are 

required to predict growth and stand development in complex 

stands. Additionally, this study will improve our knowledge of 

how  terrestrial LiDAR can be applied in forest research and 

forest measurements.

Figure 4. Extracted 3D crown with explicitly modeled geometry

Figure 1. The laser scanner 

Riegl Z360i gathers distances to 

targets above the scan position by 

tilting the scanner up to 90 . The laser 

is sent and received through the two 

windows in the front of the rotating 

scanner head. The camera moves 

with the scanner head to collect true 

colour information.

Figure 2. Sampling desing on a gradient of site quality and 

stand density
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Scanning up to 40 trees 

per plot
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Figure 3. The point 

cloud can be read into a 3D 

voxel matrix for analysis


