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1. Project Purpose, Management Implications, Scope, and 

Regional Applicability 

 
Project Y081260 began in April 2007 and will continue until March 2009, this report will 
summarize work completed during the 2007/2008 fiscal year of this project.  The purpose 
of this project is to develop and parameterize a distance-dependent crown allometry 
function for the growth model SORTIE-ND. Previous model evaluation projects have 
pinpointed crown allometry as an important topic for model development. In SORTIE-
ND, accurate crown allometry is necessary for unbiased prediction of understory light 
availability which in turn is critical for understory tree growth and mortality in complex 
stands. SORTIE-ND was designed to predict growth and stand dynamics in complex 
stands and we expect that a better crown model will improve the models predictive 
ability. 
 
In a previous FSP project, we performed an evaluation of SORTIE-ND as a growth 
model for mixed aspen-spruce stands (Astrup 2006). SORTIE-ND was evaluated in terms 
of its conceptual structure, a sensitivity analysis was performed, and the model 
predictions were compared to independent permanent sample plot data. The evaluation 
suggested that SORTIE-ND is a suitable model for growth prediction in complex mixed-
species stands. However, the evaluation also illustrated topics where further model 
development can improve the models robustness and predictive ability. The most critical 
topic for model development is related to crown allometry (crown diameter and crown 
length) (Astrup 2006). In SORTIE-ND, crown allometry affects the prediction of 
understory light, which is a critical resource for prediction of tree growth and mortality in 
complex stands. Thus, improvement of the crown allometry functions will improve the 
models ability to predict understory tree growth and mortality. 
 
The results will be applied to forest management through the use of SORTIE-ND. Thus, 
our results can aid in predictions of growth of complex stands such as stands with 
mountain pine beetle attack, partial cutting, or variable retention.  

 

2. Project Methodology  
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Study sites were located near Smithers (54°35′N, 126°55′W), northwestern British 
Columbia, in the Sub-Boreal Spruce Moist Cold subzone Babine Variant (SBSmc2) 
(Meidinger and Pojar 1991).  
 
Sites were chosen to provide a range of stand age, densities and species combinations on 
circum-mesic sites.  These stands were dominantly lodgepole pine (Pinus contorta), 
interior spruce (Picea glauca x engelmanii), and subablpine fir (Abies lasiocarpa), minor 
(non-target) species were trembling aspen (Populus tremuloides), black cottonwood 
(Populus balsamifera ssp. Trichocarpa), western hemlock (Tsuga heterophylla), and 
black spruce (Picea mariana).  Most sampling was preformed in existing plots that had 
been stem-mapped for previous SORTIE-ND related FSP projects.  Plots were square 
with their borders at 45 degrees to north (ie. a diamond ). This increased the interior area 
available for later analysis as our crown radius measurements were based on quadrants 
centered on the 4 cardinal directions and extending 45 degrees on either side (analysis 
can occur on part trees).   

All trees with diameter at breast height (DBH) ≥ 5 cm data collected for height, DBH, 
species, health and damage condition, xy position in UTM, crown height in four cardinal 
directions, and crown radius. Crown radius was determined by mapping the trees 
complete maximum crown outline on 5 cm resolution winter aerial photographs. These 
crown outlines were digitized over the orthorectified images using Manifold System 8.0 
(Manifold Net Ltd., 2008). Winter photos were taken in early spring overcast conditions 
to provide maximum visibility true crown shape. 

 

2.1. Validation of measurements  

To test the validity of digital vs. traditional manual crown radii measurement methods we 
compared 50 trees using traditional tape and clinometer/bullhorn methods and compared 
them to radii digitally extracted from crown outlines. Figure 1 shows 1:1 plots of radii 
estimates (where each cardinal direction was measured independently from the stem) and 
diameter measurements (which are the sum of the N and S radii measurement, and the E 
and W measurement. The Pearsons correlation coefficient (>.81) shows high correlation 
between traditional field measurements and our digitally extracted measurements from 
high resolution aerial images. The increase in correlation from radii to diameter 
assessment is attributed to errors associated with asymmetry of the crown. It should be 
emphasised that traditional field measurements are not truth, and contain their own error.    
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a) b) 

Figure 1 1:1 Plots comparing field vs digital crown measurements for a) four radii, and b) 
two diameters. 

 

2.3 Data 

A total of 15 circum mesic sites were established and sampled with total of 3141 trees 
measured.  From these trees there is a total of 2194 trees suitable for final analysis; 791 
interior spruce, 904 lodgepole pine and 499 subalpine fir (see Table 1). All data is entered 
and crown outlines for all trees were digitized (see Figure 2 and Figure 3). 

Table 1 Summary of crown shyness plots. 

Site_Marker Latitude Longitude Easting Northing area m2 
# 
trees Density 

# S 
trees 

‘S’  
Sx 

‘S’  
Pl 

‘S’  
Bl 

‘S’  
At 

‘S’  
Hw 

‘S’  
Act 

1_359 54.734 -127.244 613071 6066615 5369.96 571 0.1063 333 185 111 27 7   3 
1_367 54.735 -127.25 612682 6066689 1351.01 212 0.1569 131 38 89 4       
1_378 54.737 -127.257 162191 6066889 1760.88 373 0.2118 231 43 181 7       
2_682 54.764 -127.366 605104 6069765 899.71 216 0.2401 134 13 111 10       
11_648 54.769 -126.814 640639 6071282 1644.92 236 0.1435 177 65 96 13     3 
13_657 54.721 -126.769 643716 6066054 1045.11 178 0.1703 108 24 5 79       
18_680-1 54.691 -126.777 643312 6062685 2037.05 367 0.1802 280 63 20 192 3 2   
19_684 54.692 -126.777 643282 6062779 638.69 129 0.2020 98 38 1 59       
21_112 54.891 -126.673 649226 6085196 428.62 104 0.2426 91 38 53         
22_117-1 54.893 -126.667 649596 6085424 666.80 120 0.1800 114 91 22 1       
27_586-2 54.856 -126.617 652983 6081337 464.07 69 0.1487 60   60         
33_1 54.856 -126.625 652437 6081323 1955.71 221 0.1130 216 144 56 14 2     
34_2 54.901 -126.668 649529 6086212 427.96 49 0.1145 44 31 12 1       
36_125 54.763 -126.812 640763 6070618 689.90 168 0.2435 108 11 86 11       

37_1 54.74 -126.802 641481 6068109 673.06 128 0.1902 89 7 1 81       

TOTAL         20053.47 3141   2214 791 904 499 12 2 6 
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Figure 2 Overview example of crown allometry plot spatial data. Figure 3 Detailed example of crown 
allometry plot spatial data. 
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3. Contacts 

 
Rasmus Astrup, BV Research Centre, Smithers, BC.   
Email:  rasmusastrup@gmail.com
 
Dave Coates, BC Forest Service, Smithers, BC 
Email:  dave.coates@gov.bc.ca
 
Aaron Trowbridge, BV Research Centre, Smithers, BC 
Email:  aaron.trowbridge@bvcentre.ca
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