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Issue: Microclimate effects related to tree and stand growth in multi-storied stands 
 
 

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. 
 
First year accomplishments 
 
Objective 1. 
Identification of a suitable subset of the existing research plots for LIDAR measurements 
 
 We utilized the permanent plots established by the Bullkey Valley Research 
Centre in Smithers BC. Several years ago the Centre established a series of permanent 
plots that span both a moisture gradient and a nutrient gradient as depicted by the BEC 



system.  The team visited the plots and selected a prioritized subset for measurement 
during the first year.  The plots are mixed species (spruce, true fir and pine) and span a 
variety of stand ages. 
 
Objective 2. 
Field measurement with terrestrial LiDAR 
 
 We had two LiDAR scanners and measured 19 plots that covered 9 different 
combinations of moisture and nutrient characteristics.  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 Z360i).  After these three plots the Leica 
scanner failed and had to be returned to the manufacturer for repair. 
 
Objective 3. 
Supplementary field measurements including increment cores, fisheye photographs, and 
moisture availability. 
 
 Every tree on each of the 19 plots was physically measured (dbh, ht, etc) and 
increment cored.  Hemispheric (fisheye) and aerial photos were already available for each 
plot; these were collated and added to the master data set.  Soil data were also previously 
collected from these plots. 
 
Objective 4. 
Initial 3D-analysis of LiDAR dataset 
 
 All initial processing has been completed.  An FTP site was created to facilitate 
the transfer of the large ascii files between the researchers.  Ducey and Pretzsch are 
comparing and constructed different algorithms for more detailed 3D analysis during the 
second year. 
 
Objective 5 
Identification of measurements gaps that should be covered in Year 2 
 
 We are very happy with the first year measurements.  There are two priorities for 
measurement in the second year. (1) measure a large number of plots with the LiDAR 
scanner that failed partway through the first year field measurement period.  This 
instrument, although no more accurate, we believe has a higher degree of precision. (2) 
fill in  some of the interior cells of the moisture-nutrient matrix.  In particular we will 
measure some of the older aged plots this year. 
 
Objective 6 
To perform a comparison of LIDAR scanners and associated algorithms 
 
 This has, for the most part, been done.  We will do the final analysis after some 
more measurements (described in Objective 5) have been completed in year 2. 
 
 



 
 The first year was devoted to selecting the proper plots, developing a 
measurement protocol that will allow full and complete analysis of crown interaction, and 
establishing the analysis framework and mathematical algorithms which will allow 
complete crown analysis.  We have been successful in these endeavours.  The second 
year will provide that input data needed to complete this work and will lead to the 
analytical work of the third year providing the basis of understanding how these complex 
stands develop and grow.  We feel confident that significant management implications 
will be described as outlined in the original proposal. 


