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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. We quantify crown structures with terrestrial 
LiDAR technology which create a spatial 3D model of all individual trees in a plot. The 
3D crown information in combination with measures of resource availability will allow 
us to test hypothesis related to competition and crown efficiency and develop predictive 
equations of crown development and tree growth. 
 
  The current focus on managing structurally complex stands requires a shift in 
emphasis away from non-spatial data, data analysis, and models. To embrace complex 
stand management and efficiently plan management regimes we require additional 
information on the key processes that determine individual tree performance. 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. 
 
Methodology: 
 
We use two terrestrial LIDAR units to perform detailed, 3-D scans of a series of mixed-
conifer plots located across a gradient of density and belowground resources in the sub-
boreal spruce forests in central British Columbia. One terrestrial LIDAR units is operated 



by the Technical University of Munich and the other unit by the University of New 
Hampshire. The experimental design allows for (a) comparison and calibration between 
LIDAR sensors and data processing algorithms, (b) testing hypotheses related to crown 
dynamics and tree growth as outlined in the Project Description, and (c) improvement of 
the existing individual tree growth models such as TASS (Mitchell 1975) and SORTIE-
ND (Coates et al. 2003). 
 
We utilize established experimental plots located in the sub-boreal spruce zone around 
Smithers, BC. There are approximately 90 plots purposely established across gradients of 
below-ground resource availability and density. Existing measurements for these plots 
consists of: detailed soil descriptions, classification of moisture and nutrient availability 
according to the BC biogeoclimatic system, total leaf Nitrogen for a sub-sample of trees, 
DBH for all trees, age and historic radial increment for a subset of trees, height and 
detailed crown measurements for a subset of trees. 
 
Plots were divided into three broad categories (dry/poor, mesic/moderate, wet/rich). 
Stand density was evaluated, for initial screening purposes, using Reineke’s stand density 
index (SDI), and plots were divided into three density categories (high, medium, and low) 
within each site quality category. Thus, nine distinct “bins” of plots will be available. 
Plots for measurement were chosen from each “bin”. 
 
On each plot, we l conduct scans from a minimum of 5 points (one at the plot center, and 
one on each of the cardinal directions). This allows detailed resolution of the 3-D 
structure of at least 40 trees per plot. For each tree, we isolate the points belonging to that 
tree out of the point cloud generated by the scanner. Then, a variety of feature recognition 
algorithms are applied to describe the 3-D envelope of the crown, as well as the location, 
taper, and coarse branching of stems (Henning and Radtke 2006a). The geometric solids 
for each crown are processed to provide estimates of crown projection area, crown 
surface area, and crown volume. Finally, the point cloud can be divided into small 3-D 
boxes or “voxels,” and the density of points in combination. 
 
We then use these data to compare crown architecture of each tree to discern how water 
and nutrients status affects competition between species. 
 
 
Project Scope and Regional Applicability: 
 
 This project will provide the methodology and general ecological findings that 
will benefit all of BC and beyond.  However, it has the advantage that since all the plots 
and data used are from the sub-boreal spruce zone that there will be immediate use for the 
final findings in this important BEC zone. 
 
Interim Results: 
 We have documented the pros and cons of the primary two terrestrial LiDAR 
systems used.  The results demonstrate that either scanner was capable of 
providing an extremely detailed digital model of forest structure, and that gross structural 



characterizations (such as tree and crown dimensions and position) are relatively robust, 
but that comparison of canopy density metrics such as PAI may require consideration of 
scanner attributes. We found that the system of choice is highly dependant on the data 
and information needs.  The specifics are completely described in the recently completed 
manuscript. 
 
Contact information: 
 
  General inquiries on the project can be directed to: 
 
Bruce Larson 
Forest Resources Management Department 
Faculty of Forestry 
UBC 
Ph. (604) 822-1284 
e-mail: bruce.larson@ubc.ca 
 
 Inquiries specific to LiDAR specifications and scanner comparisons can be directed to: 
 
Mark Ducey 
University of New Hampshire (USA) 
Ph. (603) 862-4429 
Email:  mjducey@cisunix.unh.edu 
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