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Project Purpose and Management Objectives: 
Managed forest stands will become increasingly complex in structure and species 
composition in the future because of the positive trends toward sustainable forest 
management. Foresters and land managers will need to understand the implications and 
trade-offs between timber production and other ecosystem values under new silvicultural 
strategies that will include continuous retention of canopy trees and management of 
multiple tree species with different life history characteristics. To design silvicultural 
strategies that optimise timber production and sustain other values, foresters and 
managers will require an understanding of how juvenile trees (seedlings and saplings) 
grow and survive across the full range of potential canopy retention levels and site 
qualities. Tree species preferences, expected growth rates and survival probabilities will 
likely shift among tree species across gradients of canopy retention, site quality and local 
neighborhood crowding by other juvenile trees. Using data collected from our previous 
FSP project, Y061028 (Improving predictions of juvenile tree growth in complex 
mixtures for sustainable forest management), we are modelling the growth responses of 
juvenile subalpine fir to variation in residual lodgepole pine canopy cover, site quality, 
and crowding under a range of silviculture systems scenarios using the SORTIE-ND 
model. 
SORTIE-ND is a resource-mediated, spatially explicit, mixed-species forest model that 
makes population dynamic forecasts for juvenile and adult trees and can test to a wide 
range of silvicultural systems. Initial attempts at calibrating the SORTIE-ND model for 
Northern Interior mixtures suggest that an improved understanding of the factors 
affecting juvenile tree growth would greatly enhance the model’s ability to make accurate 
growth predictions. Earlier work in northwestern BC has concentrated on the light-
growth relationship for juvenile trees (Wright et al. 1998, 2000), since light has been 
shown to be a good proxy for predicting juvenile tree growth (Klinka et al. 1992, Pacala 
et al. 1994, Wang et al. 1994, Kayahara et al. 1996, Chen 1997, 1998, Coates and Burton 
1999, Claveau et al. 2002), and is the resource most easily manipulated by silvicultural 
interventions. The light-growth relationship, however, has been shown to vary with site 
quality, especially at higher light levels (Drever and Lertzman 2001). Growth response to 
increasing light availability may be reduced, for example, on sites where soil and nutrient 
availability are limiting. Conversely, low soil resource availability may be compensated 
to a certain degree by high light availability. Competition for soil resources has also been 
shown to increase in importance relative to light with increased crowding (Simard and 
Sachs 2004).  
To conduct this research we are using a modeling approach that builds on SORTIE-ND, 
allowing quantification and prediction of juvenile tree responses to different management 
strategies in complex structured, mixed species stands. The updated SORTIE-ND 
submodel will be capable of making growth predictions for seedlings/saplings growing 



across a light gradient over a wide range of tree densities and site qualities, where site 
quality is defined by soil moisture regime. We are developing a submodel using the C++ 
programming language. C++ is a versatile programming language which will allow us to 
easily integrate the submodel into SORTIE-ND and possibly other existing growth 
models.  The development of this submodel is vital to the continued development of the 
SORTIE-ND model because current versions are unable to accurately predict juvenile 
tree growth at low light levels, in dense neighborhoods of seedlings and saplings, and on 
sites drier or wetter than mesic. We believe that through the development of a new 
behaviour we will be able to incorporate all of our findings and drastically improve the 
model’s ability to predict the growth responses of juvenile trees to variation in residual 
canopy cover, site quality and crowding.  
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Methodology Overview: 
This research is designed to build upon a recent FSP project Y062028 – “Improving 
predictions of juvenile tree growth in complex mixtures for sustainable forest 
management”. That project was initiated during the validation of SORTIE-ND when it 
was discovered the model was unable to accurately predict juvenile tree growth at low 
light levels and in dense neighbourhoods of seedlings and saplings. We determined that it 
was necessary to account for either soil resources or neighbourhood crowding in order for 
the model to make accurate juvenile tree growth predictions. As a result we initiated the 
FSP project Y061028 – “Improving predictions of juvenile tree growth in complex 
mixtures for sustainable forest management”. The project was conducted in the Montane 
Spruce zone in the Southern Interior Forest Region of BC. The objectives of the project 
were: 1) to determine the role of different resources (light, water, nutrients) in predicting 
juvenile tree growth across gradients of canopy retention and site quality, 2) to determine 
how local neighbourhood density around a target juvenile tree affects the resource-
growth relationship and 3) to incorporate the findings into the current juvenile tree 
growth behaviors in SORTIE-ND. To examine the growth responses of juvenile 
subalpine fir to variation in residual canopy cover, site quality, and crowding we 
destructively sampled 400 saplings growing across a resource gradient. Subalpine fir was 
chosen as our test species because of its ability to grow under a wide range of light 
environments, initial densities and site qualities in the study area. We sampled from a 
variety of sites to balance the sample size across different levels of neighborhood 
crowding, residual canopy over-story, and site quality. Trees were sampled on three site 
series that represented dry/poor, medium, and wet/rich soil moisture/soil nutrient 
regimes. On each site series, we sampled across a light gradient from fully open to fully 
closed canopy conditions. Across the light gradient, we selected sample trees subjected to 
varying levels of neighborhood crowding (densities). Each sample site was uniform in 
topography and soil texture, and were located in mature stands, canopy gaps, 
regenerating burns or associated mature remnants, and partially cut and clearcut areas.  



 
Measurements: 
Seedlings and saplings: Sample trees were measured in the field for total height, basal 
diameter (10 cm), and DBH. A basal disc was removed at 10 cm height to determine 
radial growth increment. Each sample tree served as the centre of a fixed radius 3.99m 
plot, where all neighboring trees (>50 cm tall) were spatially mapped using an Impulse 
laser™ with Mapstar™ attachment. Neighborhood trees were also identified by species, 
basal diameter, DBH, and height information. In the laboratory, a Vellmex Micrometer 
was used to measure the ring width of all rings of each sample tree.  
Light: Hemispherical canopy photos were taken at 1.5 m above the stump of each cut 
sample tree, with a digital camera mounted on a tripod, to quantify light availability. GLI, 
an index of whole growing season light availability, was computed from each photograph 
using the GLA 2.0 software (Frazer et al. 2000).  
Soil water: Gravimetric soil moisture samples were collected at the drip line of each 
sample tree to estimate soil water availability. 
Water use efficiency: Natural abundance 13C was used as an indicator of the moisture 
stress experienced by sample trees relative to open-grown trees.  
Foliar nutrients: Foliar samples were collected from target trees and analysed for micro 
and macro nutrients. This information was used as an indicator of soil nutrient 
availability.  
 
Analysis of this data has been done using a variety of maximum likelihood techniques 
and non-parametric statistics. Initial attempts at incorporating the findings from this 
research into the juvenile tree growth behaviors of SORTIE-ND have shown that the 
current juvenile tree submodel in SORTIE-ND is too simplistic in its design for us to 
incorporate all of our ecological findings. Therefore, using funding from this project we 
are develop a new juvenile tree submodel in C++ that would provide the flexibility 
necessary to capture the results from our analysis.  
 
The first step in the sub model’s development involved determining what variables were 
to be used. For this study we will be using available light, site quality and crowding to 
predict juvenile tree growth. The next step in the developmental stage involved drafting a 
design of the submodel which will determine how the model functions. Using this draft 
as a framework, we began to develop the sub model’s data structure. This lists what kinds 
of data the submodel will require and what data structures it will utilize. We then 
designed the sub model’s actions which describe what will be done during each time step 
(i.e., what tasks the submodel performs each time it is called upon by the SORTIE-ND 
model). Finally we wrote a variety of tests and prepared the appropriate test data.  We are 
currently at the submodel testing stage.  The last step will involve testing how the new 
submodel performs within SORTIE_ND. Final validation and testing of the model will be 
done using pre-existing permanent sample plot data. Once the model has been tested we 
will conduct a variety of simulations which will provide scientific information for 
developing guidelines and decision support tools for the management of structurally 
complex, mixed species, multi-cohort stands. For example, we will simulate the effects of 
different silviculture practices (e.g., partial retention), or different natural disturbances, 



such as mountain pine beetle attack, on forest stand dynamics across a range of site 
qualities.  
 
Project Scope and Regional Applicability: 
Model development proposed here uses data from SIFR, but applies to models and 
SORTIE in general, regardless of geographic area, and hence is applicable all across the 
province.  
 
Interim Conclusions: 
At this time we do not have any interim conclusions.  We have developed a sub-model in 
C++ that has been incorporated into the SORTIE-ND stand dynamics model.  The new 
sub-model predicts juvenile tree growth as function of tree size, light availability and 
neighbor crowding.   We are however finding that the new sub-model, as it is written, has 
drastically slowed the computational efficiency of the SORITE-ND model.  We are 
currently making changes to new sub-model’s structure to ensure that it integrates better 
with SORTIE-ND which should improve overall efficiency.  In the upcoming fiscal year 
it is our intention to complete the integration of the sub-model into SORTIE-ND and 
validate the model using pre-existing permanent sample plot data. Once the model has 
been tested we will conduct a variety of simulations which will provide scientific 
information for developing guidelines and decision support tools for the management of 
structurally complex, mixed species, multi-cohort stands. 
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