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1. Project Purpose and duration 

Project Y081022 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 quantify how light availability, site type, and canopy structure influence understory 
tree growth in sub-boreal forests and the influence of overstory structure in understory tree 
growth.  The study builds on previous work undertaken on average site types.  Outcomes from 
this project can be used in complex stand models. 
 

2. Management Implications, Scope and Regional Applicability 

Complex stand management is becoming more prevalent in northern interior forests due to 
changing management practices and the mountain pine beetle (MPB) epidemic. The 
MPB epidemic is creating vast areas of complex multi-storied stands for which we have not yet 
developed growth models. To predict growth of complex stands it is essential to understand the 
factors controlling growth of understory trees, factors such as light and soil resources. 
Considerable work has been undertaken on mesic (average) sites to predict understory tree 
growth as a function of light availability. Light availability is the primary driver of 
photosynthesis and has been shown to have a good correlation with understory tree growth on 
mesic sites in northern temperate, sub-boreal and boreal forests (e.g. Wright et al. 1998, Stadt et 
al. 2005, Astrup and Coates in review). It is important to expand this work to a broader range of 
site types to aid the further development individual tree based complex stand growth models 
(e.g., SORTIE-ND, TASS 3). 

The interactions between light availability and soil moisture and nutrient availability are 
important for understory tree growth (Coomes and Grubb 2000) and landscape-level variation in 
nutrient and moisture availability has been shown to alter the relationship between light and 
growth for understory trees (Kobe 2006). Within regions of uniform climate in B.C., unique site 
types (site series) that cover a gradient from dry-poor to moist-rich sites have been identified 
(Banner et al. 1993); these sites types can serve as a basis for understanding how different levels 
of available belowground resources affect the light-growth relationship for understory trees. In 
the sub-boreal forests of BC, our goal was to develop quantitative relationships between height 
growth and soil moisture and nutrient availability, light availability, and tree size for understory 
trees. We also sought to understand how differences in these relationships would affect the 
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competitive interactions of three tree species: subalpine fir (Abies lasiocarpa [Hook.] Nutt.), 
interior spruce (Picea glauca×engelmanii [Moench] Voss) and lodgepole pine (Pinus contorta 
Dougl. ex Loud. var. latifolia) across site types.  

 

Project Methodology 

2.1. Study area description 

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), part of the Canadian 
Boreal Forest Region. The continental climate of the SBS has cold, snowy winters with 
temperatures below 0°C for 4-5 months and short, warm summers; 25-50% of the 44-900 mm 
mean annual precipitation falls as snow (Meidinger and Pojar 1991). Subalpine fir (Abies 
lasiocarpa), interior spruce (Picea glauca x engelmanii), and lodgepole pine (Pinus contorta) are 
the dominant coniferous tree species and often occur in mixed stands, although lodgepole pine 
tends to be the dominant conifer on seral stands and drier sites. Forest harvesting is prevalent in 
the region, and combinations of clearcutting and partial cutting with planted and naturally 
regenerated trees have left a variety of light conditions, tree sizes and species combinations from 
which to sample juvenile trees. Topographical and geomorphic variation over the landscape have 
led to a range of site productivity conditions under those trees. 
 

2.2. Sampling 

Our goal was to obtain a distributed sample of trees from across a range of light, soil resources, 
and tree size and our methods were similar to Kobe (2006). Distributed sampling is more 
important than random sampling for likelihood methods (Canham and Uriarte 2006) and was 
accomplished in this study by selecting trees for sampling from five estimated light classes: 0-
20%, 20-40%, 40-60%, 60-80%, and 80-100%, five site types (vegetation associations; Banner et 
al. 1993): 02-Huckleberry-Cladonia, 01-Huckleberry, 06-Oakfern, 09-Devil’s club, and five size 
classes: 0-80 cm, 80-160 cm, 160-240, 240-320 cm, and 320-500 cm.  We found these site 
conditions from over 50 different locations in our study area, including under full forest cover, 
under partially cut forests and within natural forest gaps and clearcuts. 
 
During late summer and fall 2007, we sampled subalpine fir, interior spruce, and lodgepole pine 
trees and measured total height and the height growth increment for the last 3 growing seasons 
(2005-7).  Prior height was calculated by subtracting the 2005-7 height growth increments from 
the total height. Diameter at breast height, diameter at 10 cm, crown radius, crown depth, a foliar 
sample, and a disk were taken from each tree. A hemispherical canopy photograph was taken at 
1.3 m above the stump of each tree with a Nikon (Mississauga, ON) Coolpix 5000 digital camera 
and fisheye lens. Hemispherical canopy photos were analyzed with Gap Light Analyzer software 
(GLA 2.0) to calculate the Gap Light Index (GLI), a measurement from 0 to 100 of the percent 
transmission of photosynthetically active radiation above the canopy to a point in the understory 
(Canham 1988).  Soil moisture regime and soil nutrient regime were assessed to the nearest half-
stop from soil pits near each tree according to B.C.’s Biogeoclimatic Classification System 
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(Banner et al. 1993). For samples trees, soil nutrient regime varied from A- to E and was 
converted to a 0 to 6 numeric scale for analysis; soil moisture regime varied from 0.5 to 6.0.    
   

2.3. Statistical analysis 

We used likelihood methods and model selection criteria (AIC) (e.g. Burnham and Anderson 
2002) to evaluate the support for different models predicting height growth from light, soil 
resources, and tree size. In our models, diminishing light and soil resources were assumed to 
reduce the maximum potential annual height growth (MaxPG) of a hypothetical tree growing at 
100% light, in the most productive soil (SMR = 6, SNR = E). The maximum potential annual 
height growth was also modified by the effect of tree height because tree size can have a 
significant effect on potential growth (Canham et al. 2004, MacFarlane and Kobe 2006).  
 
[1]  Annual height growth = MaxPG × Light effect × Soil resources effect × Size effect 
 
We used a power function for the shape of the light and soil resources effects:  
 
[2]     Light or Soil resources effect = xa

 
where x is GLI, SMR, or SNR scaled from zero to unity and a is an estimated positive parameter. 
This function is forced to go through the origin and (1,1) and has the flexibility to represent an 
asymptotic, exponential, or linear relationship (Sit and Poulin-Costello 1994). For the shape of 
the tree size effect on MaxPG, we used a modified Weibull equation that goes through the origin 
and y = 1: 
 
[3]    Size effect = 1 - e(-c × PriorHeight) 

 
where c is an estimated parameter that allows the curve to represent a linear or asymptotic 
relationship. After visual inspection of the residual plots from these functions, we determined that 
the data were distributed normally but exhibited heteroscedacity, so we included a probability 
density function in all models that allowed the variance to increase with the mean.  
 
We compared 11 models for each species ranging from simple to more complex.  Model 1 was 
analogous to a null model because it represented height growth as a function of random factors 
that canceled each other out to a constant.  Models 2 through 5 represented height growth as a 
function of only one of the variables we measured: GLI, SMR, SNR, or PriorHeight.  Models 6 
and 7 represented height growth as a function of two variables: GLI and SMR or GLI and 
PriorHeight. Models 8 and 9 compared the effects of the two soil resource variables, SMR and 
SNR, on height growth with GLI and PriorHeight.  Model 10 represented height growth as a 
function of both soil resource variables, GLI and PriorHeight. Model 11 took the best of the first 
10 models and added an x-intercept to the light effect to ensure that the light effect curve was not 
falsely stretched to a linear shape by being forced to go through the origin. Likelihood analysis, 
were performed in R. 
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3. Contacts 

 
Rasmus Astrup, BV Research Centre, Smithers, BC.   
Email:  rasmusastrup@gmail.com
 
Erica Close, BV Research Centre, Smithers, BC. 
Email: Erica.close@bvcentre.ca
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